Individual And Geographical Location Variations In Seed Characteristics,  Germination And Seedlings Growth Of Acacia senegal var.senegal From Clay Soils Of Sudan by Sharaf El Din, Abd El Gabar
 1
Individual And Geographical Location Variations In Seed Characteristics, 
Germination And Seedlings Growth Of Acacia senegal var.senegal 
From Clay Soils Of Sudan 
 
 
 
 
 
 
 
 
 
By 
Abd El Gabar Sharaf El DinAhmed 
B.Sc. (Honours) Forestry 
University Of Khartoum 
1995 
 
 
Supervised By 
Dr. Essam Ibrahim Warrag 
 
 
 
A Thesis Submitted In Partial Fulfillment Of The 
Requirements For The Degree Of Master 
Of Science In Forestry 
 
 
 
 
 
 
 
 
 
 
Department Of Silviculture 
Faculty Of Forestry 
University Of Khartoum 
January 2005 
 
 
 2
 
 
 
 
 
 
DEDICATION 
 
 
 
     This part of my soul is dedicated: 
                      To my father, SharafElDin 
             To my beloved mother, Zeinab 
          To my brothers and sisters 
 
 3
ACKNOWLEDGEMENT 
 
Praise and thanks to almighty Alla, God of the world for accomplishing 
this work. I would like to express my profound gratitude and thanks to 
my supervisor Dr.Essam Warrag, University of Khartoum for his keen 
interest, close supervision, continuous participation and patient invaluable 
guidance throughout the period of the study.  
My sincere, thanks to Ustaz Abdelatif El Taib, dept.of Wood Technology, 
Forestry Research Center for his valuable help. 
I would like to express my gratitude to Director and staff of Forestry 
Research Center and National Tree Seed Center at Soba for the use of the 
Center facilities during this work. 
My sincere thanks are due to Dr. Abdalla A. Elfeel,Sudan University for 
Science and Technology for his help, advise and assistance. 
I would like to express my deep thanks to my colleagues and friends in 
the Forestry Research Center and Sudan University of Science and 
Technology. 
 
 
 
 
 
 
 
 
 
 4
Abstract 
The aim of the study is to examine Acacia senegal var.senegal variations in 
seed characteristics, germination percentage and early seedlings growth traits 
within and between geographical locations. Twelve seed sources representing 
the clay soils locations across the gum belt were selected according to 
differences in rainfalls and geographic discontinuity.  Seeds were collected 
from seven trees forming seven half-sib families for each geographical 
location. Seed length, width and weight were measured. Seeds were sown in 
clay soil under three irrigation regimes in a complete randomized design with 
three replicates. Germination was counted at 6 days intervals for 54 days. 
Seedlings shoot height, shoot and root fresh weight, shoot and root oven dry 
and root to shoot ratio were measured.  Significant variation was found 
between families within location and between locations in seed characteristics. 
The germination showed significant differences between locations and 
between families within some locations. Cluster analysis of seed 
characteristics revealed distinct grouping of the locations and did not reveal 
distinct grouping for germination percentage.  The results of the growth 
parameters show significant differences between some families within 
locations and did not show significant differences between locations. The 
results demonstrated that it is possible to use germination and seed 
characteristics (seed weight) as a criterion for locations selection in the clay 
origin of A. senegal var senegal species. 
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 ﺍﻟﺨﻼﺼﺔ
ﺘﻬﺩﻑ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﻻﺨﺘﺒﺎﺭ ﺍﻟﺘﺒﺎﻴﻥ ﻟﺸﺠﺭﺓ ﺍﻟﻬﺸﺎﺏ ﻓﻴﻤﺎ ﻴﺘﻌﻠﻕ ﺒﺨﺼﺎﺌﺹ ﺍﻟﺒﺫﺭﺓ ﻭ ﺍﻹﻨﺒﺎﺕ ﻭﺨﺼﺎﺌﺹ ﺍﻟﻨﻤﻭ 
ﺘﻡ ﺇﺨﺘﻴﺎﺭ ﺇﺜﻨﻰ ﻋﺸﺭﺓ ﻤﻭﻗﻌﺎﹰ ﺠﻐﺭﺍﻓﻴﺎﹰ ﻤﻤﺜﻠﺔ ﻟﺘﻭﺍﺠﺩ ﺍﻟﻬﺸﺎﺏ ﻓىﺎﻟﺘﺭﺒﻪ ﺍﻟﻁﻴﻨﻪ . ﺒﻴﻥ ﻭﺩﺍﺨل ﺍﻟﻤﻭﺍﻗﻊ ﺍﻟﺠﻐﺭﺍﻓﻴﺔ
ﺘﻡ ﺠﻤﻊ ﺍﻟﺒﺫﻭﺭ .ﺩل ﺍﻷﻤﻁﺎﺭ ﻭﺍﻟﺘﺒﺎﻋﺩ ﺍﻟﺠﻐﺭﺍﻓﻰﻋﻠﻰ ﺇﻤﺘﺩﺍﺩ ﺤﺯﺍﻡ ﺍﻟﺼﻤﻎ ﺍﻟﻌﺭﺒﻰ ﻋﻠﻰ ﺤﺴﺏ ﺍﻹﺨﺘﻼﻓﺎﺕ ﻓﻰ ﻤﻌ
ﺘﻡ ﺯﺭﺍﻋﺔ ﺍﻟﺒﺫﻭﺭ ﻓﻰ . ﻜﻤﺎ ﺘﻡ ﻗﻴﺎﺱ ﻜل ﻤﻥ ﻁﻭل ﻭﻋﺭﺽ ﻭ ﻭﺯﻥ ﺍﻟﺒﺫﺭﺓ.ﻤﻥ ﺴﺒﻌﺔ ﺃﺸﺠﺎﺭ ﻟﻜل ﻤﻭﻗﻊ ﺠﻐﺭﺍﻓﻰ 
 45 ﺃﻴﺎﻡ ﻟﻤﺩﺓ 6ﻜﻤﺎ ﺘﻡ ﻗﻴﺎﺱ ﻤﻌﺩل ﺍﻹﻨﺒﺎﺕ ﺒﻌﺩ ﻜل .ﻓﻰ ﺜﻼﺜﺔ ﺃﻨﻅﻤﺔ ﺭﻯ ﻭ ﺜﻼﺜﺔ ﺘﻜﺭﺍﺭﺕ، ﺘﺭﺒﺔ ﻁﻴﻨﻴﺔ
ﺍﻟﻭﺯﻥ ﺍﻟﻤﺠﻔﻑ ﺒﺎﻟﻔﺭﻥ ﻟﻠﺴﺎﻕ ،ﺍﻟﻭﺯﻥ ﺍﻷﺨﻀﺭ ﻟﻠﺴﺎﻕ ﻭﺍﻟﺠﺯﺭ،ل ﺍﻟﺸﺘﻭلﻁﻭ، ﻓﻰ ﺤﻴﻥ ﺘﻡ ﻗﻴﺎﺱ ﻜل ﻤﻥ.ﻴﻭﻤﺎﹰ
ﺃﻅﻬﺭﺕ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﻭﺠﻭﺩ ﻓﺭﻭﻗﺎﺕ ﻤﻌﻨﻭﻴﺔ ﺩﺍﺨل ﻭ ﺒﻴﻥ ﺍﻟﻤﻭﺍﻗﻊ ﺍﻟﺠﻐﺭﺍﻓﻴﺔ ﻓﻴﻤﺎ .ﻭﺍﻟﺠﺯﺭﻭﻨﺴﺒﺔ ﺍﻟﺠﺯﺭ ﻟﻠﺴﺎﻕ
ﻜﺫﻟﻙ ﺃﻅﻬﺭﺕ ﺍﻟﺩﺭﺍﺴﺔﺃﺤﻴﺎﻨﺎﹰ ﻭﺠﻭﺩ ﻓﺭﻭﻗﺎﺕ ﻤﻌﻨﻭﻴﺔ ﺩﺍﺨل ﺍﻟﻤﻭﺍﻗﻊ ﻭ ﺒﻴﻥ ﻜل ﺍﻟﻤﻭﺍﻗﻊ .ﻴﺘﻌﻠﻕ ﺒﺨﺼﺎﺌﺹ ﺍﻟﺒﺫﺭﺓ
ﺃﻅﻬﺭ ﺍﻟﺘﺤﻠﻴل ﺍﻟﺘﺠﻤﻴﻌﻰ ﺃﻤﻜﺎﻨﻴﺔ ﺘﺠﻤﻴﻊ ﻫﺫﻩ ﺍﻟﻤﻭﺍﻗﻊ ﺒﺼﻭﺭﺓ ﻭﺍﻀﺤﺔ ﺒﺎﻟﻨﺴﺒﺔ ﻟﺨﺼﺎﺌﺹ .ﺒﺔ ﻟﻤﻌﺩل ﺍﻹﻨﺒﺎﺕﺒﺎﻟﻨﺴ
ﺍﻟﺒﺫﺭﺓ ﻭﻋﻠﻰ ﺍﻟﻨﻘﻴﺽ ﻟﻡ ﻴﻅﻬﺭ ﺍﻟﺘﺤﻠﻴل ﺍﻟﺘﺠﻤﻴﻌﻰ ﻟﻬﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺃﻤﻜﺎﻨﻴﺔ ﺘﺠﻤﻴﻊ ﺒﻴﻥ ﺍﻟﻤﻭﺍﻗﻊ ﺒﺎﻟﻨﺴﺒﺔ ﻟﻤﻌﺩل 
ﻭﻟﻡ ، ﺍﻗﻊ ﺍﻟﺠﻐﺭﺍﻓﻴﻪ ﻓﻘﻁ ﺃﻅﻬﺭﺕ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﻭﺠﻭﺩ ﻓﺭﻭﻗﺎﺕ ﻤﻌﻨﻭﻴﺔ ﻟﺒﻌﺽ ﺍﻷﺸﺠﺎﺭ ﺩﺍﺨل ﺍﻟﻤﻭ.ﺍﻹﻨﺒﺎﺕ
ﻤﻥ . ﺘﻅﻬﺭﺍﻟﺩﺭﺍﺴﻪ ﻭﺠﻭﺩ ﻓﺭﻭﻗﺎﺕ ﻤﻌﻨﻭﻴﺔ ﺒﻴﻥ ﺍﻟﻤﻭﺍﻗﻊ ﺍﻟﺠﻐﺭﺍﻓﻴﺔ ﺒﺎﻟﻨﺴﺒﺔ ﻟﺨﺼﺎﺌﺹ ﺍﻟﻨﻤﻭ ﻟﺸﺠﺭﺓ ﺍﻟﻬﺸﺎﺏ
. ﻫﺫﻩ  ﺍﻟﺩﺭﺍﺴﺔ ﻴﻤﻜﻥ ﺇﺴﺘﺤﺩﺍﻡ ﺨﺼﺎﺌﺹ ﺍﻹﻨﺒﺎﺕ ﻭ ﻭﺯﻥ ﺍﻟﺒﺫﺭﺓ ﻜﻤﻌﻴﺎﺭ ﻹﺨﺘﻴﺎﺭ ﺒﻴﻥ ﺍﻟﻤﻭﺍﻗﻊ ﺍﻟﺠﻐﺭﺍﻓﻴﺔ
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CHAPTER I 
       INTRODUCTION  
 
1.1 Back ground 
Sudan lies entirely in the sub tropical parts of Africa with seven ecological zones that are 
recognized according to rainfall, from the tropics in the south, through deciduous savanna 
woodlands in the center, to the sub-desert and desert of the north. Within these zones the genus 
Acacia is growing from the humid tropical conditions to dry desert conditions.  Acacia senegal 
var. senegal is one of the most important species and it is widely distributed and recognized to 
occur in arrange of defined subspecies and varieties (Ross, 1979), with some of them better 
adapted than others to particular areas (Brenan, 1983).  It grows on sites with annual rainfall 
between 100-950; it tolerates high daily temperature, dry wind and sand storm (NFT, 1991).  It 
is found on sandy and clay plains in short grass savanna forming continuous belt from east to 
west in central Sudan (El Amin, 1990), receiving an annual rainfall of 250-450mm on sandy 
soil and 500-800 mm on clay.  It can occur above 800 mm rainfall if the drainage is good (Badi 
et al., 1989). 
A.senegal var. senegal is listed by Warrag et al. (2002) as first priority species in the Sudan due 
to its economical and ecological importance.  It is economically important to the Sudan and the 
world as it produces gum arabic. Environmentally it contributes to combating desertification. 
Recently, some Acacias have been planted or encouraged in cultivated fields both to grow 
in intimate mixture with crops and to restore fertility to the soil during the periods of 
fallow. They have potential to increase productivity from both arable and non-arable land 
by cycling water and nutrients from greater depths, fixing nitrogen, ameliorating the 
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microclimate and providing a wide range of products including fuel woods, fodder and 
exudates. 
1.2 Research problem  
Sudan is rich with natural populations of more than 100 tree species. Large variation exists 
between and within species due to variation in rainfall and soil types (Elfeel and Warrag, 
2004; and Yahya, 1997).  This study deals with A.senegal.var senegal in the clay soils 
mainly on the Central Clay Plains, which exhibit considerable differences in rainfall and 
soil.  A.senegal var. senegal populations growing in these varying conditions, may have 
interacted and adapted to their environments, resulting in genetic variation between and 
within the populations. Elfeel and Warrag (2004) reported genetic variation in seed 
parameters and germination of Acacia senegal from sources that differ in rainfall, soil 
types.  Hussein  (1994) reported genetic variation in growth traits between locations, gum 
production groups and families of A.senegal seedlings from Northern Kordofan.  Most tree 
species contain great variability for adaptability and growth performance (Zobel and 
Talbert, 1984).  Variability could be between provenance, sites within provenances, stands 
within sites, individual trees and within trees (Zobel and Talbert, 1984). 
The study of genetic variation between and within sites is essential for identification and 
selection of seed stands (seed production area) for future breeding, improvement, and 
utilization of the species. Though investigation and evaluation of provenance is of great 
importance and may result in selection of one or more provenances, which can be used in 
the planting programmes, El Amin (1982) discussed the importance of establishing forest 
plantations from good provenances to ensure future plantations of good form and of 
reasonable production.  Selection within provenances helps in building the selection 
strategy of A. senegal var. senegal on the clay soils.  Good germination and early seedling 
growth are essential elements in the establishment of plantations (Elfeel, 1996). 
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1.3 Objectives 
The aim of this study is to assess the levels of variability in seed characteristics, germination 
and growth performance between and within geographical locations of A.senegal var. 
senegal seedlings from sources in the central clay plains of the Sudan. The main objective is 
to examine the existence of genetic variation between and within locations in seed 
characteristics, germination and growth performance.   The specific objectives are to: 
1. To assess seed characteristics (seed length, width and weight) between and 
within geographical locations of A.senegal var. senegal. 
2. To assess variability in germination percentage between and within sources.  
3.To monitor the early seedlings growth  (shoot height, shoot fresh and oven dry weight, 
root fresh and oven dry weight and root to shoot ratio) between and within sources. 
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CHAPTER II 
LITERATURE REVIEW 
2.1 The species 
Acacia senegal is a multipurpose African tree.  
Latin name: Acacia senegal (L.) Willd 
English name:  Gum arabic, three thorn acacia 
Arabic name: Hashab, Alloba  (NFT, 1991). 
Varietal differences of A.senegal are based on variation in natural distribution 
and morphological characteristics such as presence of hair on the axis of the 
flower spike, colour of the axis, shape of pod tips, number of pinnae pairs, 
occurrence of a distinct trunk and the shape of the crown (NFT, 1991).  Four 
varieties of A. senegal are recognized: senegal, kerensis, leiorhachis and 
rostrata. 
2.2 Description 
 It is a deciduous shrub; growing up to 15 m high and usually branched from the 
ground (Agroforestree Data Base, 1998).  Var senegal Brenan  is a shrub or small 
tree 2-12m high ( El Amin,1990).  The bark is grayish- white, although in old 
trees growing in the open it may be dark, scaly and thin (Agroforestree Data 
Base, 1998).   Powerful hooked thorns; 3-5 mm long, with enlarged bases appear 
at the nodes of the branches  (Agroforestree Data Base, 1998).  Prickles just 
below nodes solitary or in threes up to 7mm long (Sahni, 1968).  Leaves 
bipinnate, 3-8 pinnae, rachis up to 2.5cm long; pinnacles are pairs of 8-15, green; 
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2 stipular spines (Agroforestree Data Base, 1998).  Inflorescence spicate, 2-10cm 
long on peduncles 0.7 –2cm long; flowers white or cream sessile; sepals 2x0.7 
mm, pubescent, petals 2.5x0.3mm glabrous; stamens 4-7 mm long, glandular. (El 
Amin, 1990).  Flowers are yellow to white and fragrant, in cylindrical, axillary 
pedunculate spike 5-10 cm long; calyx of each flower has 5 deep lobes, 5 petals 
and a mass of short stamens; pistil in conspicuous. The pods are straight, thin, 
flat, shortly stipitate and oblong (7.5 x2cm) green and pubescent when young, 
maturing to shiny bronze, often with dark patches and bearing prominent vein; 
seeds 3-6, smooth, flat, rather small, shiny dark brown.   Fruits are flat straight 
oblong membranous dehiscent pods 3-24x1-3.3cm, pale brown to straw –
coloured; seed vertical in pods, orbicular, compressed, 8-12mm across, yellow or 
pale brown; areoles crescent-shaped, central, 1.5-6x2.5-5mm;funicles 7.5 mm 
long (Agroforestree Data Base, 1998). 
2.3 Importance 
 In Sudan, it occurs widely and is used to restore soil fertility in sandy areas in 
rotational bush-fallow systems and in large-scale rainfed Sorghum-producing 
area of the Blue Nile province (El Houri, 1979 and 1986).  It produces gum 
arabic, which is toxicologically recognized as a safe food additive (Anderson, 
1989). Gum arabic is utilized extensively in many industries like food products 
beverage pharmaceutical and confectionery.  Also, in finishing and painting, 
manufactures of ink and matches, dentistry and adhesive- textiles, plastics, 
lithography and other industrial purposes (Abdel Gadir, 2002; NFT, 1991).   
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The wood is locally valued for fuel wood and charcoal and is used as poles, 
fence posts; tool handles and weaving shuttles. Strong ropes are made from the 
bark fibres of the trees long surface roots.  It is important for desertification 
control through sand-dune stabilization. Sheep, goats, and camels browse leaves 
and pods.  Crude protein values are 20% for leaves, 22% for green pods, and 
20% for dry pods (Agroforestree Data Base, 1998).  
The rotational bush-fallow system provides the greatest benefit when the 
fallow (tree period) is of sufficient duration so as to restore soil fertility to the 
extent that it can sustain many years of subsequent cropping, as well as to 
provide tree products such as fodder, fuel, timber and gum.  In the Sahel, 
traditional fallow- crop cycles tended to be 20-40 years of trees, followed by 
5-10 years of cropping but recently fallow periods on sandy soils in Sudan 
have been as short as 12-15 years followed by four years of cropping.  
Modeling studies suggest a cycle of about 14 years fallow and six years 
cropping would optimize long- term crop yields (Mobbas et al, 1995). 
2.4 Distribution 
The genus Acacia is growing from the humid tropical conditions to the dry 
desert conditions. The species occurs in the semi arid zone of the Sudan, on 
the clays and sands soils within the formation of Acacia- seyal- Balanites 
alternating with grass (Mustafa, 1991).  It is naturally confined to the sub zone 
called Gum belt which lies between Lat.10-14º30 N′ (Mustafa, 1991).  
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 The gum belt comprises sandy soil (Goz) dominant in the Western part of the 
country and the dark cracking clay soil in the Eastern part (El Hadi, 1984). 
2.5 Ecology and occurrence 
A.senegal var. senegal is associated with a wide range of vegetation types 
from semi-desert grasslands to Anogeissus wood lands (Agroforestry Date 
Base, 1998).  It grows in sites with annual rainfalls between 100- 950 mm, 
mainly between 300-400 mm, and 5-11 month dry periods (NFT, 1991).  It 
tolerates high daily temperature, dry wind, and sand storms.  
It prefers coarse-textured soils such as fossil dunes.  It also grows on slightly 
loamy sands and skeletal soils such as lithosols (NFT, 1991).  Although 
generally soils are well-drained, there are exceptions in the Kayers region, 
South Kordofan, East Sudan where it grows on heavy clay soils with 
approximately 800 mm annual precipitation.  Also, the species grows in soils 
with a ph of 5 to 8.  The tree ranges from 100-1700m elevations in the Sudan 
to 1950 m around Nakuru in Kenya. 
2.6 Regeneration 
A.senegal var. senegal is presumably insect pollinated.  (Agroforestree Data 
Base, 1998).  Seeds should be harvested before pods have dried for easy 
collection and to avoid insect attack (NFT, 1991).  The seeds can easily be 
extracted by hand and there are 7,000-10,000 seeds /kg  (Agroforestree Data 
Base, 1998) also (Mahgoub et al., 1996) recorded 11,000 seeds per kg, (NFT, 
1991) recorded 10,000-30,000 seeds per kg. Freshly extracted seed should 
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immediately being dusted with an insecticide (NFT, 1991).  Seed will remain 
viable for 3-4 years if kept in opaque, airtight containers.   Seed collected in 
previous seasons require pretreatment to break seed dormancy by soaking seed 
in water for 12 to 24 hours or seeds can be nicked (NFT, 1991; Mahgoub et al., 
1996).  
Hashab regenerates naturally by seeds or coppice.  Natural regeneration by 
seed is affected by many factors such as land use practices, grass fires, damage 
of seed and seedlings by fires, small mammals and insect (Mahgoub et al., 
1996).  Artificial regeneration by way of direct sowing through cutting is 
possible (Mahgoub et al., 1996). 
Hashab seedlings grow best when they are watered every 7 days.  Some grass 
cover or mulch seems necessary for optimal establishment.  Weeding should 
be immediate in the season following planting and for the following two 
growing seasons.  Seedlings are rather slow growing with initial annual 
increment of 30-40cm.   For fire wood production trees can be cut on a 
rotation of 20 years using coppice with standards, lopping up to 50 % of the 
lower crown in rainy season (Agroforestry Date Base, 1998). 
A.senegal var. senegal is usually raised in the nursery in polythene pots, 2-4 
seeds per pot, thinned to one seedlings after 4-6 weeks.  Direct seeding (2-8 
seeds) in 30x30x30 cm pits or larger, can also be used.  Strict protection from 
fire and livestock, grazing and efficient control of weed competition during at 
least the first two years is important to seedlings survival.  Minimum spacing 
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for block planting is 4x4 m.  At 10x10 m spacing, agricultural intercropping is 
possible, for example, interplanting with millet, beans or ground nuts (NFT, 
1991). Under dark cracking clays with rainfall of 500 mm and above Hashab 
is mechanically sown with spacing of 4x4 m to increase soil aeration and 
water penetration.  Under sandy soils (stabilized dunes) rainfall between 280-
450 mm direct sowing is used, however, seedlings planting is more reliable. 
(Mahgoub et al., 1996).  
2.7 Rate of growth   
A mean annual increment of 0.5-1.m3 / ha was reported (Mahgoub et al., 
1996).  In sandy areas the tree reaches a height of about 4 feet (1.2m) after 3 
years from coppice regeneration (Badi et al., 1989).  Natural live cycle is 30 
years after which it is used for firewood and charcoal (Mahgoub et al., 1996; 
Abdel Gadir, 2002).  The live cycle of the tree is not precisely known but 
judging from experience it appears that at the age of 20-25 the trees are fully 
matured, but there are many authenticated cases of trees over 40 years old, 
which are still capable of producing gum.  Growth and production seems to 
slow down considerably after the age of 25, and there are also practical 
difficulties of tapping such as old trees because of the size and height. (Abdel 
Gadir, 2002; Hussein, 1990). 
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2.8 Phenology 
Leafing starts just before rains in June to July, fruiting occurs between August 
to November. Fruits take two to three Months to mature (Ballal, 1991). 
Flowers and fruits can be found in one tree at the same time (August to 
October) (Ballal, 1991).  Most trees shed their leaves in November or 
December, but in any area of Hashab some trees will retain their leaves 
considerably longer (El Hadi, 1987; Badi et al., 1989).  The seeds ripen from 
January to April. On sandy soil good seed years only occur at intervals and in 
any area abundant seed may only occur in one year out of five. On clay the 
seeds appears to be produced more regularly.  
Flowering: October – January, fruiting: December-April peak in January, fruit 
and seed dispersal; dissemination of hashab seeds is mainly done by wind, 
which blows the pods over a large area (Mahgoub et al, 1996)  
Flowers Nov.-Feb. fruits Jan.-April. (El Amin, 1990). 
2.9 Natural variation of forest trees 
The sources of variation (developmental, environmental and genetic variation) 
work simultaneously, often in complicated way.   Study of variation of natural 
stands or population in which parentage is unknown tells one nothing about 
the genetic control of the characteristic involved (Barner et al., 1989). 
Forest trees are mostly occurring in their natural state, despite deforestation 
and depletion of natural forests in contrast to agricultural crops, which have 
been cultivated for thousands of years.   Forest stands are tremendous source 
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of natural variation, which should be used and conserved.  Knowledge of 
causes of variation is an essential basis for any attempt to use the variation for 
human benefit (Willian et al., 1989).  Environmental variation between sites is 
commonly associated with heritable variation between the respective 
populations, which occupy these sites (Willian, 1988).  Differences among 
trees are the result of the variations in the environment, genetic make-up of the 
trees and the interaction between the tree genotype and the environment. The 
variation is reflected between species, geographical sources, stands, sites, and 
individual trees and within trees (Zobel and Talbert, 1984). 
2.10 Importance of natural genetic variation studies 
The dependence of trees and tree populations on the environmental conditions 
of the site and the permanent changes of these conditions require a high 
demand of the genetic variation of these populations to ensure their survival 
under changing conditions (Wolf, 1992).  Genetic variation is a safe guard 
against any adverse environmental condition to prevent species extinction.  
Genetic variation is the foundation on which tree breeding is based.  For 
proper utilization of the species it is very important to determine the kind and 
quantity of variation that exist.  Many characters such as growth rate, density 
of wood and amount of seeds & fruits production are quantitative or metric in 
their nature  (controlled by many genes) and are influenced by genetic make 
up of the trees and the environment (Wellendrof et al., 1992).  The tree 
improvement man should be able to recognize the variability, isolate it, 
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package it in a desired tree and multiply it (Zobel and Talbert, 1984). 
A.senegal var. senegal exhibits a large amount of variability, individual trees 
vary considerably in crown shape, bark colour, seed size and gum production, 
therefore for a successful tree improvement program, the amount and causes 
of variability must be investigated  (El feel, 1996). The greater the genetic 
variation, the greater it is likely to gain in tree improvement programs. Some 
characteristics such as leaf form, stem straightness, and wood density are 
likely to be carried on from one generation to the next.  Other characteristics 
such as branchiness and growth rate are to a larger extend influenced by the 
environment.  A number of accounts have been published in the past on the 
economic returns to be expected from tree improvement programs and most of 
them refer to temperate conditions.  But the gains should be equally important 
in tropical species (Barner et al., 1989). 
2.11 Provenance variation 
Many tree species cover a large geographical area within which climate may 
vary considerably.   The broad variation of climate associated with latitude and 
longitude must be added to more local environmental variations caused by 
topography, geology and soil. It is expected that some corresponding genetic 
variation were found in a species, even though there may not be morphological 
changes sufficient to concede separate status as a species or variety.  This was 
confirmed by the mass of evidences obtained from the collection of seed from 
different sources or provenances within a species and the comparison of the 
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next generation grown together on the same sites (Willan et al., 1989).  
Environmental variation between sites is commonly associated with heritable 
variation between the respective populations, which occupy these sites.  (Willan 
et al., 1989). Differences among sources within species can be larger than 
differences among species (Elfeel, 1996).  Success in establishment and 
productivity of forest tree plantation is determined largely by the species used 
and the source of seed within species  (Larsen 1954, Callaham, 1964, and 
Lacaze 1978).   
2.12 Selection within provenance 
Research has shown that, in many species, there is considerable variation 
within provenances or populations as well as between them (Willan et al., 
1989).  After one or more provenances have been identified which show 
superior performance under local conditions, the next stage therefore is to 
select superior stands within the superior provenances and mange them as seed 
stands and/ or to select superior individuals and to concentrate genetic material 
from them into clonal or seed orchards (Willan et al., 1989).  
2.13 Factors influencing amount of geographical variability 
 The size of the species range is the principle factor influencing the amount of 
geographical variability.  Species with very large natural ranges such as 
Scotch pine (native to most parts of Europe and Northern Asia) or Ponderosa 
pine (native to the Western half of the United state and parts of Canada and 
Mexico) contain much more genetic diversity than do the species with very 
 23
limited ranges, such as Monterey pine (native to six small area in California 
and Baja California) or Japanese larch (Wright, 1976).  Another important 
factor is the amount of environmental diversity encountered within the 
species’ natural range.  Slash pine (native to the flat coasted plain of Southern 
United states) and red pine (native to flat or some what hilly country in 
Northern United states and Southern Canada) do not encounter great climatic 
extremes in their native habitats and consequently do not contain a great 
amount of geographical variability (Wright, 1976).  
2.14 Water availability 
The growth of plants in arid and semi arid lands can readily be associated with 
water stress in cases where a distinct, albeit, dry season develops in contrast to 
regions with more or less sufficient water supply throughout the year 
(Chunyang Li, 1999).  It has been observed that, in a common water –stress 
environment plants originate from seeds collected from more arid portions of 
species range or from more xeric habitats have slower rates of shoot growth 
than those from wetter areas or more mesic habitat  (Chunyang Li, 1999).  
Root systems development can also adapt to drought, the root can act as a 
water reservoir, wide spreading root system (Kramer & Kozolowski, 1979; 
Doley 1981).  The ability to produce taproot is advantage for a tree to survive 
in a dry region (Parker, 1968). Generally trees native to arid environments 
often have a high root/ shoot ratio; the higher is exposure to drought, the more 
is the ratio between root and shoot mass shifted further in a favor of the roots 
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(Larcher, 1995). Over large parts of the Earth’s the occurrence of trees and the 
amount of their primarily production are controlled by the water supply to a 
greater extent than by any others factor (Chunyang Li, 1999).  Water supply 
also often determines the distribution of woody plants that could increasingly 
be grown in semi-arid and arid tropical region.   
The success or failure of plantations in the tropical zone in many cases 
depends on the effects of water stress on woody plants.  The growth and 
survival of trees in dry lands plantations could be changed by such activities as 
selection and introduction of species and populations that are drought tolerant.   
The water relations of, by mean of genetic adaptation adjusted to maintain 
growth and development in the prevailing environmental conditions. An 
essential factor in plant water relations is the maintenance of a sufficiently 
high water content and turgidity in cells, so as to allow the normal functioning 
of physiological processes to take place  (Chunyang Li, 1999).  
The balance maintained by plants between the growths of their various parts 
may be an indicator of adaptation to site conditions.  Several studies 
investigated the relationships between shoot and root development in some 
Eucalyptus species under different water supplies, and suggested root/shoot 
ratio was an important index of drought adaptation (Wang et al., 1988;Gibson 
et al., 1995). Under a limited water supply, plants have evolved for two 
contrasting strategies that depend on the severity of the water stress in their 
natural habitats (Passioura, 1982).  Plants with conservative strategy are 
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adapted to conditions where individual are isolated and drought periods are 
supposed to be long.  The conservative strategy is usually associated with 
drought resistance of a species and with high WUE and low intrinsic growth 
rate (Passioura 1982; Dickman et al, 1992).  Plants with prodigal strategy are 
adapted to mild droughts of short duration and a competitive condition where 
plants consume the available water rapidly.  Thus a prodigal water-use 
strategy contributes to high stomatal conductance and rapid growth rate  
(Chunyang Li, 1999).  
2.15 Seed weight 
Seed weight is indicated as the number of seeds per unit weights. e.g. per g, or 
kg or the weight of 1000 seeds .  Seed weight often varies considerably within 
species, both because of genetic and environmental causes.  Seed processing 
such as dewining and drying will obviously influence seed weight 
considerably (Lars Schmidt, 2000). 
2.16 Provenance variation of seeds and seedlings 
Analysis of juvenile characters is an important aspect of variation and 
selection studies (Jindal et al., 1983).  Provenances of many tree species were 
reported to have significant variation in seed characteristics, germination rate 
and early seedlings growth.  Fasehun and Bello Kura (1992) reported high 
significant differences in seed parameters of six widely separated sources of 
Acacia nilotica.  Duct and Jawal (1991) reported significant variation in seed 
weight and seedling growth of Acacia auriculifomis provenances.  
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 Seed size was positively correlated with germination rate (Bonner, 1987; 
Fasehun and Bello, 1992).  Acacia albida provenances from a wide range of 
its natural distribution showed considerable variation in seed weight, seedlings 
growth, nodulation, leaf colour and nutrient content (Sniezko et al., 1989).  
Scots pine seedlings of forty-five provenances representing thirteen varieties 
from throughout the natural range of the species were significantly different in 
root systems (Brown, 1968).  Differences between provenances in 
physiological characteristics were also reported between 65 provenances of 
Sesbania sesban (Oduol, 1991).  Pinyopusarerk et al. (1991) reported 
significant variation in seedlings morphology of 30 provenances of Acacia 
auriculiformis grown under glasshouse conditions. Also, Bachi and Dobriyal 
(1990) reported that 21 provenance of A. nilotica were significantly different 
in seed length, width, and thickness.  Acacia nilotica provenance were also 
significantly different in N fixing ability ( Beniwal et al., 1995).  Acacia 
mearnsii provenances from the natural range were significantly different in 
seedling morphological characters (Bleakley et al., 1992).  Significant 
differences were also reported by Salazar (1988 and 1989) in seed 
characteristics, number of seed per kilogram and seedlings parameters for 
Acacia mangium species.  Many authors have reported genetic variation 
between sources of A. senegal var. senegal .Significant differences in early 
growth traits for A. senegal var. senegal seedlings were reported between two 
locations that differ in soil and moisture (Hussein, 1995).    
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El Hadi (1987) reported significant differences in nitrogen concentration 
between four populations of A. senegal from sandy soil of Kordofan and darfur.  
Elfeel (1996) reported significant differences for seed and seedlings traits of A. 
senegal. Vigour index, dry weight of seedlings and germination percentage of 
Acacia nilotica subsp. cupresssiformis were reported to have inherent 
variability (Uble-SS et al., 1998). The effects of watering frequencies (Intervals 
of 1,4 or 7 days) on growth were investigated on seedlings of 5 multipurpose 
tree species (Albizia lebbeck, Eucalyptus citriodora, Casuarina equisetifolia, 
Acacia senegal, and Dalbergia sissoo). Growth differences were only 
significant for Albizia lebbeck (height and roots) and for Casuarina 
equisetifolia (height) (Mohan et al., 1998).  Yahya (1997) reported geographical 
variation in seed characteristics, germination and early growth traits of A. 
mellifera (vanl) Benth.in Sudan. 
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CHAPETR III 
MATERIALS & METHODS 
 
3.1 Seed sources: 
Twelve geographical locations through out the clay part of the gum belt were 
identified as seed sources according to geographical discontinuity and 
difference in annual rainfall. They were chosen to represent natural range of 
Acacia senegal var. senegal in the clay soil. The locations were: Abu Jebeha 
(Aa ) Gulhak (Jk), Bout (Bt) Abu Gumai (Ai),Khor Donia (Ka) Mazmoum 
(Mm), Abu Dolau (Ao) , Karkoj (Kj), Hawata (Ha)  QalaenNahel (Ql), Houri 
(Hi), and Rawashda (Ra) (Table 1  and figure1). 
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          Figure 1. Geographical locations of A.senegal var.senegal  
Locations code:- Abu Jebeha=1, Gulhak=2, Bout=3, Abu Gumai=4 Khor Donia=5, 
Mazmoum=6, Abu Dolau=7, Karkoj=8, Hawata=9, Qala en Nahel=10,  
Houri=11and Rawashda=12.  
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Table 1. Location and rainfall of the geographical seed sources of A. senegal  
               var.senegal                   
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Seed source Longitude1 Latitude 1 Isohyets2  Rainfall3 (MM) 
Abu Jebeha 31° 00" E 11° 00" N 600 697.2 
Gulhak 32° 40" E 11° 00" N 600 726.2 
Bout 33° 33" E 11° 48" N 700 592.2 
Abu Gumai 34° 25" E 11° 35" N 800 700 
Khor Donia 34° 05" E 11° - N 700 678.7 
Mazmoum 33° 35" E 12° 10" N 600 625 
Abu Dolau 32° 45" E 12° 25" N 400 489.8 
Karkoj 34° 00" E 13° 00" N 600 600 
Hawata 34° 24" E 13° 30" N 500 589.7 
Qala en Nahal 35° 00” E 14° 36" N 500 672.7 
Houri 35° 06" E 14° 02" N 600 544.8 
Rawashda 35° 42” E 14° 14" N 500 597.4 
     * Sources 
 1National Forest Corporation 
2 Regional Isohyets 1961-1990.Sudan Meteorological dept. (1993) Khartoum 
3 Mechanized farms administration for  
  El Gedaref and El Damazine). 
 
 
3.2 Study area: 
3.2.1 Abu Jebeha forest 
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This is in Erashad province of the Southern Kordofan state.  The soil is dark 
cracking clay in the central to eastern Acacia seyal- Balanites woodland.  A. 
senegal var. senegal trees occur in groups but mixed with Balanites aegyptica. 
3.2.2 Gulhak forest 
It is located near Rank town in the Upper Nile state about 60 kilometers 
southwest. The natural vegetation associated with Acacia senegal var. senegal 
are, A.seyal, Balanites aegyptica, Terminalia brownii and Sclerocarya birrea. 
3.2.3 Bout forest 
It lies about 180 kilometers southwest of El Damazine in the Blue Nile state.  
The area is a major mechanized farming one in Sudan. A. senegal var. senegal 
is mixed with dominant species of A. seyal and Balanites aegyptica.  Along 
water courses are occupied by A. nilotica, Faidherbia albida , A. polyacantha, 
Sclerocarya birrea and Ficus sycomorus. 
3.2.4 Abu Gumai forest 
It is located south of El Damazine town in the Blue Nile state. The soil is dark 
cracking clay.  Dominated by many tree species in addition to A. senegal var. 
senegal like A.seyal, A.mellifera and Combretum hartmanniaum. 
 
 
 
3.2.5 Khor donia forest 
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It is a central forest reserve near El Damazine district in the Blue Nile state.  It 
extends between khor donia railway stations to the south El Damazine airport.  
The average annual rainfall is 713 mm with 83% of it falls in June-September.  
The dry season extends from November to April. 
3.2.6 Mazmoum forest 
It is lies about 150 kilometers northwest El Damazine town in the Blue Nile 
state. The abundant species in addition to A. senegal var. senegal are A. 
mellifera, A. seyal, Balanites aegyptica,Ziziphus spina-chritia. 
3.2. 7 Abu Dolau forest  
It is located about 12 kilometers east to El Gabelain. The soil is clay and 
mixed with gravels.  It is dominated by A. mellifera, A. seyal, A. senegal var. 
senegal, Balanites aegyptica, A. nubica and A. ehrenbergiana, Boscia 
senegalensis. 
3.2.8 Karkoj forest 
It is about 30 kilometers south of Singa town in Sinnar state. The soil is dark 
cracking clays and occupied by A. seyal var. fistula, A. senegal var. senegal, 
Balanites aegyptiaca, A.nubica, and A. mellifera. 
3.2.9 Hawata forest 
It consists of open fields south east El Gedaref State, ending into an area of 
well wooded farmland, with widely dispersed hashab trees, left by farmers for 
gum production in a general matrix of Kitr-Hashab-Talh forest.  
3.2.10 Qala en Nahel forest 
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It is located northwest of Hawata and surrounded by hills and mechanized 
farms.  Patches of forest and shrub are still observed towards the south. The 
stony ground on hills surrounding Qalaen Nahel with their scant vegetation of 
degradated mixtures hardwoods, dispersed Balanites trees and incidental 
clumps of Kitr-Hashab-Talh. With the exception of the terrain a round Qala en 
Nahel and the hills surrounded it the soil is dark –cracking clay throughout  
3.2.11 Houri forest 
It lies about 25 kilometers south of Gedaref town in the Gedaref state.  It is 
characterized by the dark cracking clay.  It is occupied by many species like: 
A. mellifera, A. senegal var. senegal, A. laeta, A. ehrenbergiana, Boscia 
senegalensis and A. seyal var. fistula. 
3.2.12 Rawashda forest 
It is located east of Gedaref town in Gedaref state as part of the south-central 
clay plain.  The elevation is about 540-550m.  The soil is dark cracking clay 
vertisols with high water holding capacity but poor permeability. The annual 
rainfall ranges between 400 and 750 mm with a mean of 550 mm. Natural 
vegetation is mainly A. senegal var. senegal, A. melifira and A. nubica with 
scattered Balanites aegyptiaca. 
 
 
 
3.3 Soil properties 
 35
The soil properties for the twelve sources were investigated as shown in table (2).  Soil 
samples were taken from depth of 0-30 cm, 30- 60 cm and 60-90 cm and were 
analyzed at (L.W.R.C) Land and Water Research Laboratories of the agricultural 
Technology and Research Corporation at Wad Medani.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2.  Soil properties of the geographical location.   
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   Exchangeable  
Base cmol/1kg 
               % Particle size distribution 
Site Depth PH1 Na2 K3 CEC4 C/N5 O.C6 N7 Cs8 Fs9 Si10 Cl11 
0-30 7.1 0.02 0.024 75 13 0.543 0.410 3 16 17 54 
30-60 7.5 0.02 0.033 68 14 0.438 0.308 6 14 19 55 
Abu 
Jebeha 
60-90 7.5 0.02 0.045 64 13 0.215 0.165 4 12 18 63 
0-30 8.3 0.3 0.55 78.5 22.23 0.53 0.43 2 4 17 75 
30-60 8.7 2.0 0.4 79 29.5 0.74 0.025 2 3.5 18 75 
Gulhak 
60-90 8.8 2.6 0.6 79 0.0 0.70 0.0 2 4 16 77 
0-30 8.5 1.45 0.5 77 34 1.23 0.036 5 4 18.5 77 
30-60 8.9 6.4 0.3 77 29.0 0.82 0.280 6 4 16 77 
Bout 
60-90 8.9 7.7 0.3 78 0.0 8.89 0.0 5 3 17 78 
0-30 8.3 0.95 0.0 81 20.0 1.11 0.055 1.5 3 20 74.5 
30-60 8.7 0.3 0.0 81 21.0 0.86 0.041 2.0 3 23 71 
Abu 
Gumai 
60-90 8.7 4.0 0.0 81 0.0 0.74 0.0 2.0 3 19 75 
0-30 7.5 0.0 0.5 90 35 1.19 0.03 1 2 17 79 
30-60 8.1 0.1 0.6 89 42 1.09 0.026 1 2 16 80 
Khor 
Donia 
60-90 8.9 0.2 0.4 92 47 0.98 0.021 1 2 17 79 
0-30 8.5 1.75 0.55 54 13 0.522 0.040 1 1 35 35 
30-60 8.4 2.13 0.53 55 13 0.514 0.040 2 1 33 33 
Mazmoum 
60-90 8.5 2.31 0.30 55 12 0.542 0.045 1 1 31 31 
 
 
Table 2 (Continued) 
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   Exchangeable 
 Bases cmol/kg 
            % 
Particle size 
distribution 
Site Depth PH1 Na2 K3 CEC4 C/N5 O.C6 N7 Cs8 Fi9 Si10 Cl11 
0-30 8.4 2.2 2.2 37 13 0.38 0.030 1 7 25 56 
30-60 8.9 2.1 2 39 13 0.30 0.028 2 6 21 70 
Abu Dolau 
60-90 8.5 3.5 1.8 41 12 0.28 0.042 1 5 23 70 
0-30 8.4 2.01 0.77 48 13 0.512 0.040 6 6 29 59 
30-60 8.4 2.16 0.65 50 13 0.601 0.045 6 6 30 58 
Karkoj 
60-90 8.6 2.09 0.35 50 12 0.523 0.045 6 2 30 62 
0-30 8.6 1.56 0.45 52 11 0.560 0.050 1 1 38 60 
30-60 8.7 5.45 0.38 53 12 0.522 0.045 1 1 36 62 
Hawata 
60-90 8.9 6.12 0.36 52 11 0.513 0.045 1 1 37 61 
0-30 8.3 1.02 0.48 53 11 0.512 0.045 4 4 31 61 
30-60 8.6 2.30 0.38 49 12 0.499 0.040 4 5 34 57 
QalaenNahel 
60-90 8.5 1.02 0.40 50 13 0.501 0.050 3 5 36 56 
0-30 8.3 1.62 0.51 49 12 0.546 0.045 21 8 21 50 
30-60 8.5 2.25 0.95 50 13 0.671 0.050 23 11 20 47 
Houri 
60-90 8.3 2.37 0.32 52 13 0.577 0.045 19 7 21 53 
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 Exchangeable 
bases cmol/kg 
          % Particle size  
Distribution 
Site Depth PH1 Na2 K3 CEC4 C/N5 O.C6 N7 Cs8 Fs9 Si10 Cl11 
0-30 8.3 1.70 0.90 52 13 0.580 0.045 5 1 34 60 
30-60 8.5 2.07 0.80 52 12 0.533 0.045 4 1 33 62 
Rawashda 
60-90 8.2 1.62 0.83 54 12 0.561 0.043 3 1 31 65 
 
* Source: Land and Water Research Laboraties (L.W.R.L) Agricultural 
 Technology and Research Corporation at Wad Medani. 
1 (pH), level of acidity 1:5, 2= Sodium 3= Potassium, 4= Cation Exchangeable 
Capacity, 5 = Carbon: Nitrogen ratio, 6 = Organic carbon, 7 = Nitrogen, 8 = 
Coarse sand 9 = Fine sand, 10 = Silt, 11 = clay.  
 
 
 
 
 
 
 
 
 
 
3.4 Seed collection 
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Trees for seed collection were randomly assigned in each forest and at least 
they were 100 meters apart.  A plastic sheet was laid the tree and the branches 
were then beaten with sticks. The fallen pods from each tree were put in a 
labeled bag that indicates the tree number and the geographical location.   
Seeds were extracted from pods manually and cleaned from debris and other 
parts and kept separate for each individual tree representing a half-sib family. 
3.5 Measurements of seed characteristics: 
Seed characteristics were evaluated at Soba Laboratory National Tree Seed 
Center. Seed from each individual tree were taken randomly for the 
measurements of seed length, width and weight.  Seed weight was measured 
by weighing 5 samples, each of 10 seeds by using the sensitive balance.  Seed 
length and width were measured by karnel. Ten samples, each of 10 seeds, 
were drawn randomly and measured for Seed length and width. 
3.6 Nursery procedures: 
This procedure consisted of filling polythene tubes  (20X20 cm) with clay 
soils (obtained from Soba Research Station), Sowing seeds, application of 
irrigation treatment, monitoring of germination and seedling growth traits. 
3.6.1 Lay out of the experiments 
The nursery experiment was conducted at Soba nursery Forestry Research 
Center.The treatments were families within geographical locations and 
irrigation treatment with three levels (every three, six and twelve days).   
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Three seeds from each half-sib family were sown in a polyethylene tube.  The 
polythene tubes were arranged in cemented beds and the seeds were sown just 
below the surface and covered with thin layer of clay. 
3.6.2 Experimental design 
The experimental design in the nursery is the completely randomized design 
with three replications. The replications consist of nine cemented beds where 
the half-sib families from the twelve geographical locations were randomly 
assigned within each bed with   8 polyethylene bags per family (seven families 
per location with a total of 84 half-sib families).  Each bed was then assigned 
randomly to one of the three irrigation levels. 
3.6.3 Germination count 
Germination count was done every 6 days interval after sowing. The 
germination recorded for each seven half-sib families for each geographical 
locations.  After the end of the germination count (after 54 days), the seedlings 
were thinned to one per polyethylene tube. 
3.6.4 Sampling and measurements 
Seedlings were measured for height at age 3-month and 6-month from seed 
sowing using graduated ruler. Seven half-sib families seedlings were 
measured per locations per replication. 
Also, Six months after sowing, seven seedlings per locations per replication 
per irrigation were randomly harvested for fresh and dry weight determination. 
One seedling per half-sib families per replication per irrigation. 
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The harvested seedlings were separated to shoot and root oven dried for 24 h 
at 80°C and weighed by using sensitive balance. The shoot height was 
measured every three months.   
3.7 Data analysis  
The statistical analysis JMP was used for the data analysed.  Analysis of variance 
(ANOVA) was made to determine the significance of the variation between and 
within geographical locations for seed characteristics, germination and early 
seedlings growth characters. Tukey Kramer (0.05) test was used to separate 
between means. 
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Chapter V 
 
          RESULTS 
 
 
4.1 Seed characteristics:  
4.1.1 Individual tree within geographical location:  
Half-sib families within locations of Abu Gumai, Abu Jebeha, Qala en Nahel, 
Hawata, Khor Donia, Karkoj, Mazmoum, Rawashda and Bout have shown 
significant differences in seed characteristics (seed length, seed width and seed 
weight) (p=0.0001) (Table, 3D, 3A, 3J, 3I, 3E, 3H, 3F, 3L and 3C), 
respectively.  Individual tree within Houri and Gulhak have only shown 
significant differences in seed width and seed weight  (Table, 3K, and 3B). 
Half-sib families from Abu Dolau have shown significant differences in seed 
weight (p= 0.0001) (Table, 3G). The longest seed (1.240cm) was obtained by 
half-sib families within Karkoj (Table, 3H), and the shortest one was 0.741 cm 
obtained by Houri (Table, 3K). The highest value for seed width was (1.077cm) 
obtained by half-sib families within Qala en Nahel (Table, 3J). The seed weight 
ranges from 0.59-1.437 grams. 
4.1.2 Between geographical locations:  
4.1.2.1 Seed length:  
Geographical locations were significantly different in seed length (p=0.0001), 
Karkoj has obtained the highest value (0.97cm) while Houri have the lowest 
ones (0.79cm)  (Table, 4). 
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4.1.2.2 Seed width:  
Significant differences were found in seed width (p =0.0001) between the geographical locations Hawata has revealed the 
highest value (0.95cm)  
(Table, 4). 
4.1.2.3 Seed weight:  
Significant differences were obtained in seed weight (p= 0.0001). Karkoj has 
the highest value (1.159 g) (Table, 4). 
4.2 Correlation:  
The study showed strong positive correlation between seed weight with seed 
length and seed width, (Figure, 3 and Figure, 4). 
4.3 Cluster analysis of seed characteristics: 
  Cluster analysis of seed characteristics between geographical locations were  
  done and had classified the geographical locations into two groups; first   
  group consists of eleven locations; second group consists of one location, 
     Houri (Figure, 5) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 3. Means of seed length, width and weight of half-sib families of Acacia senegal var.senegal    
                  within locations. 
 
 44
A) Abu Jebeha (Aa) 
 
Family Seed length (cm) Seed width (cm) Seed weight (g) 
Aa 2 0.81000 b 0.85700 b 0.812800 b 
Aa 1 0.79200 b 0.83600 b 0.911600 a 
Aa 3 0.82600 b 0.80700 b 0.838600 ab 
Aa 4 0.88100 b 0.86700 b 0.919200 a 
Aa 5 0.81500 b 0.74300 b 0.796000 bc 
Aa 8 0.81500 b 0.76200 b 0.723800 c 
Aa 9 
 
1.04500 a 1.00100 a 0.653400 c 
P P=0.0001 P=0.0001 P=0.0001 
 
                      
 
  B) Gulhak (Jk) 
                 
 
 
  C) Bout (Bt) 
Family Seed length (cm) Seed width (cm) Seed weight (g) 
Bt 1 0.82900 a 0.83400 bc 1.11900 abc 
Bt 10 0.86800 a 0.83600 bc 0.87840 d 
Bt 2 1.01500 a 1.02600 a 1.12000 abc 
Bt 3 0.96700 a 0.91200 abc 1.15380 ab 
Bt 7 0.88400 a 0.76500 c 1.33060 a 
Bt 8 0.98900 a 0.97600 ab 1.03880 bcd 
Bt 9 
 
0.82000 a 0.80200 bc 0.91660 cd 
P P=0.0114  P=0.0001  P=0.0001 
 
 
 
 
 
Table 3. (Continued) 
 
  D) Abu Gumai (Ai) 
Family Seed length (cm) Seed width (cm) Seed weight (g) 
Jk 1 0.834000 a 0.874000 a 0.988600 a 
Jk 10 0.849000 a 0.837000 a 0.930200 ab 
Jk 4 0.892000 a 0.799000 a 0.855000 b 
Jk 5 0.866000 a 0.863000 a 0.960800 a 
Jk 6 0.788000 a 0.806000 a 0.769800 c 
Jk 7 0.849000 a 0.818000 a 0.758600 c 
Jk 9 
 
0.921000 a 0.855000 a 0.997600 a 
P P=0.1324  P=0.0310  P=0.0001 
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Family Seed length (cm) Seed width (cm) Seed weight (g) 
Ai 9 0.77500 b 0.741000 b 0.78380 c 
Ai 1 0.85000 b 0.864000 ab 0.90760 bc 
Ai 10 0.86200 b 0.848000 ab 1.14380 a 
Ai 2 0.88400 b 0.846000 ab 0.90940 b 
Ai 6 0.87000 b 0.817000 ab 1.07240 a 
Ai 7 1.14300 a 0.945000 b 1.15720 a 
Ai 8 
 
0.86600 b 0.901000 a 1.09320 a 
P P=0.0001  P =0.0008           P=0.0001 
               
                
      
   
 E) Khor Donia (Ka) 
Family Seed length (cm) Seed width (cm) Seed weight (g) 
Ka 1 1.08000 a 0.899000 a 0.99600 a 
Ka 2 0.82300 b 0.862000 ab 0.98580 a 
Ka 3 0.75400 b 0.776000 b 0.69640 b 
Ka 4 0.82300 b 0.839000 ab 1.03820 a 
Ka 5 0.85600 b 0.885000 a 1.03840 a 
Ka 6 0.81700 b 0.821000 ab 0.93820 a 
Ka 8 
 
0.75800 b 0.773000 b 0.69880 b 
P P=0.0001 P=0.0002  P=0.0001 
 
 
  
 
  F) Mazmoum (Mm) 
Family Seed length (cm) Seed width (cm) Seed weight (g) 
Mm 1 0.875000 ab 0.918000 a 0.94440 bc 
Mm 4 0.958000 a 0.893000 ab 1.21460 a 
Mm 5 0.934000 ab 0.913000 ab 1.31160 a 
Mm 8 0.904000 ab 0.847000 ab 1.017780 b 
Mm 9 0.844000 ab 0.841000 ab 0.97220 b 
Mm 10 0.871000 ab 0.806600 b 0.86060 c 
Mm3 
 
0.807000 b 0.884000 ab 0.95380 bc 
P P=0.0504  P=0.0213 P=0.0001 
                 
 
 
 
 
 
     Table 3. (Continued) 
 
      G) Abu Dolau (Ao) 
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Family Seed length (cm) Seed width (cm) Seed weight (g) 
Ao 1 0.816000 a 0.871000 a 0.78220 c 
Ao 10 0.879000 a 0.918000 a 1.11140 a 
Ao 2 0.915000 a 0.853000 a 0.91440 b 
Ao 3 0.846000 a 0.843000 a 0.98780 b  
Ao 4 0.831000 a 0.844000 a 0.99220 ab 
Ao 5 0.845000 a 0.809000 a 0.93820 b 
Ao 6 
 
0.913000 a 0.927000 a 0.75800 c 
P P=0.220  P= 0.1352  P=0.0001 
                 
 
 
H) Karkoj (Kj) 
Family Seed length (cm) Seed width (cm) Seed weight (g) 
Kj 10 0.88400 b 0.89000 bc 1.43760 a 
Kj 2 0.83200 b 0.82300 c 1.01100 c 
Kj 3 0.92600 b 0.95900 abc 1.02940 c 
Kj 4 1.11500 a 1.01800 ab 1.25460 b 
Kj 5 0.89100 b 0.89500 bc 1.17240 b 
Kj 6 1.24000 a 1.04600 a 1.16620 b 
Kj 7 
 
0.92900 b 0.89000 bc 1.04680 c 
P P=0.0001 P=0.0001 P=0.0001 
 
                 
         
I) Hawata (Ha) 
Family Seed length (cm) Seed width (cm) Seed weight (g) 
Ha 1 0.86600 a 0.99600 abc 1.20140 bcd 
Ha 3 0.87900 a 1.02100 ab 1.02940 cde 
Ha 5 1.00900 a 1.04800 a 1.52920 a 
Ha 6 0.98300 a 1.00000 ab 1.27860 b 
Ha 7 0.86700 a 0.80400 bc 0.95680 de 
Ha 8 1.00300 a 1.04500 a 1.28160 b 
Ha 9 
 
0.69400 b 0.76500 c 0.75940 e 
P P=0.0001 P=0.0004  P=0.0001 
 
 
 
 
 
 
 
 
Table 3. (Continued) 
 
J) Qala en Nahel(Ql) 
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     Family Seed length (cm) Seed width (cm) Seed weight (g) 
Ql 2 0.99500 ab 0.89400 b 1.00460 b 
Ql 3 0.83100 cd 0.85200 b 0.99540 b 
Ql 4 1.04100 a 1.07700 a 1.11720 a 
Ql 5 0.89900 abc 0.90500 b 1.00300 b 
Ql 7 0.85700 bcd 0.82500 b 0.99180 b 
Ql 8 0.82100 cd 0.76800 b 0.79820 c 
Ql 9 
 
0.70900 d 0.80900 b 0.78460 c 
P    P=0.0001 P=0.0001  P=0.0001 
           
                   
 
K) Houri (Hi) 
 
Family Seed length (cm) Seed width (cm) Seed weight (g) 
Hi 10 0.741000 a 0.707000 b 0.63180 de 
Hi 3 0.774000 a 0.771000 ab 0.87540 b 
Hi 5 0.779000 a 0.765000 b 0.59120 e 
Hi 6 0.789000 a 0.791000 ab 0.89300 b 
Hi 7 0.803000 a 0.711000 b 0.66880 d 
Hi 8 0.784000 a 0.810000 ab 0.74160 c 
Hi 9 
 
0.853000 a 0.873000 a 1.01280 a 
P P=0.1744 P=0.0001 P=0.0001 
                 
 
 
                                                    
 L) Rawashda (Ra) 
Family Seed length (cm) Seed width (cm) Seed weight (g) 
Ra 1 0.84400 c 0.81200 bc 0.73260 d 
Ra 2 0.84200 c 0.83800 bc 0.95260 bcd 
Ra 3 0.86400 c 0.90700 abc 0.88680 cd 
Ra 5 0.80000 c 0.79100 c 0.73140 d 
Ra 6 0.90400 bc 0.87000 bc 1.01440 bc 
Ra 7 1.03900 ab 0.95400 ab 1.10640 b 
Ra 9 
 
1.09200 a 1.02500 a 1.26440 a 
P P=0.0001  P=0.0001 P=0.0001 
 
  Means with the same letters in the same location and column are not significantly different. 
 
 
 Table 4.  Means of seed length, width and weight of twelve geographical locations of  
                  Acacia senegal var.senegal. 
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Geographical 
locations 
Seed length 
(cm) 
Seed width 
(cm) 
Seed weight (g) 
Abu Jebeha 0.854857 bc 0.838429 cd 0.80791 de 
Gulhak 0.857000 bc 0.836000 cd 0.89437 cde 
Bout 0.910286 ab 0.878714 bc 1.07960 ab 
Abu Gumai 0.892857 b 0.851714 c 1.00963 bc 
Khor Donia 0.844429 bc 0.836429 cd 0.91311 cd 
Mazmoum 0.884714 b 0.871714 bc 1.03929 ab 
Abu Dolau 0.863571 bc 0.866429 bc 0.92631 cd 
Karkoj 0.973857 a 0.931571 ab 1.15971 a 
Hawata 0.900143 ab 0.954143 a 1.14291 a 
Qala en Nahel 0.879000 b 0.875714 bc 0.95640 bc 
Houri 0.786143 c 0.775429 d 0.77351 e 
Rawashda 
 
0.912143 ab 0.885286 bc 0.95551 bc 
P 0.0001 0.0001 0.0001 
 
           Means with the same letters in the same column are not significantly different. 
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Figure 2. Means of seed length   (cm),seed width    (cm) and seed weight   
(g) of A.senegal var.senegal  between locations.
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Figure 3. Relation ship of correlation of A.senegal var.senegal  
seed length (cm) with seed weight (g).
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Figure 4. Relation ship of correlation of A.senegal var.senegal  
seed width (cm) with seed weight (g).
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Figure 5. Cluster analysis of A.senegal var.senegal from different 
             Locations for seed characteristics. 
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Location abbreviations: Mazmo= Mazmoum, Bou=Bout,Abu=Abu Dolau, 
Qala en=Qala en Nahel,Rawash=Rawashda,Abu  = Abu Gumai  ,Abu  =Abu Jebeha  
,Khor=Khor Donia,Gulh=Gulhak, Kark=Karkoj,Hawa=Hawata,Hou=Houri 
respectively. 
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Table.5. Hierarchical Clustering of A.senegal var.senegal from different  
              locations for seed characteristics. 
 
Number of 
Clusters 
Distance Leader Joiner 
11 0.253244652 Khor Donia Gulhak 
10 0.4553178219 Abu Dolau Qala en Nahel 
9 0.6540806709 Mazmoum Bout 
8 0.9540799044 Abu Dolau Rawashda 
7 1.070030034 Abu Jebeha Khor Donia 
6 1.1295828168 Mazmoum Abu Dolau 
5 1.3414191926 Mazmoum Abu Gumai 
4 1.6412208075 Karkoj Hawata 
3 1.713076002 Mazmoum Abu Jebeha 
2 3.0182942546 Mazmoum Karkoj 
1 3.7542552351 Mazmoum Houri 
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4.4 Germination: 
4.4.1 Individual trees within locations:  
Germination percentage starts to differ significantly on day6, day 12 but had no 
significant differences in the other periods in most of the half-sib families within 
locations (Table, 6A to 6J).  Half-sib families within Rawashda and Bout have 
significant differences in whole germination periods (Table, 6K and table, 6L) 
4.4.2 Between geographical locations: 
The study had shown significant differences (p=0.0001) between the twelve geographical 
locations (Table, 7). The cluster analysis did not reveal distinct grouping of the locations  
(Table, 8 and figure, 7). 
 
 
 
 
 
 
 
 
 
 
 
 
Table 6. Germination percentage of half-sib families of Acacia senegal var.senegal within  
               locations. 
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       A) Abu Jebeha (Aa). 
Family Day 6 Day12 Day 18 Day 24 Day 30 Day 36 Day 42 Day 48 Day 54 
Aa 1 11.57 30.09 49.54 50.00 50.46 50.46 50.93 50.93 50.93 
Aa 2 13.89 34.26 47.69 48.61 48.61 48.61 48.61 51.39 51.85 
Aa 3 4.63 29.17 47.52 47.22 47.22 47.22 48.15 49.54 49.54 
Aa 4 12.50 34.26 40.74 41.67 41.67 41.67 41.67 42.59 42.59 
Aa 5 9.94 25.46 44.44 44.91 44.91 44.91 45.37 45.37 45.37 
Aa 8 11.11 30.56 42.13 43.06 43.98 43.98 44.91 45.37 45.83 
Aa 9 
 
3.24 14.35 34.26 35.65 36.11 36.11 36.11 37.03 37.03 
P P=0.1 P=0.4  P=0.8  P=0.8  P=0.8  P=0.8  P=0.8  P=0.8  P=0.7 
 
 
 
B) Gulhak (Gk). 
 
Family Day 6 Day12 Day 18 Day 24 Day 30 Day 36 Day 42 Day 48 Day 54 
Gk 1 8.80 21.30 31.94 32.87 33.80 34.26 36.11 38.89 38.89 
Gk 10 6.94 12.50 22.22 23.15 25.00 25.93 28.24 30.09 30.09 
Gk 4 6.94 25.46 43.98 44.44 44.91 44.91 44.91 47.69 48.61 
Gk 5 6.48 18.52 36.57 37.50 39.81 41.67 43.06 44.91 44.91 
Gk 6 741 17.13 31.02 32.41 32.87 33.80 35.19 37.50 37.50 
GJk 7 5.09 20.37 41.20 41.20 43.06 43.98 45.83 49.07 49.07 
GJk 9 
 
12.50 25.00 37.96 38.43 38.43 38.43 38.89 39.81 39.81 
P P=0.3 P=0.5  P=0.3  P=0.4  P=0.4  P=0.4  P=0.4  P=0.2  P=0.2  
 
 
 
C) Bout (Bt). 
 
     
 
 
Table 6. (Continued)  
   D) Abu Gumai (Ai). 
 
Family Day 6 Day12 Day 18 Day 24 Day 30 Day 36 Day 42 Day 48 Day 54 
Bt 1 6.94 29.17 40.74 40.74 43.06 43.98 44.44 50.00 50.93 
Bt 10 9.72 18.52 25.46 29.63 30.56 32.87 37.80 36.57 37.50 
Bt 2 12.50 28.24 38.43 39.35 40.74 42.13 43.06 46.76 47.22 
Bt 3 4.63 12.96 21.30 24.07 25.00 26.39 29.63 31.48 32.41 
Bt 7 16.17 31.94 44.91 46.76 49.54 50.46 51.39 53.70 53.70 
Bt 8 6.02 15.28 26.85 27.78 29.63 31.48 32.39 35.65 35.65 
Bt 9 
 
14.35 34.26 47.69 47.69 48.14 49.07 50.00   51.39 51.39 
P P=0.01 P=0.008  P=0.01  P=0.04  P=0.02  P=0.04  P=0.06  P=0.005 0P=0.007 
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Family Family Day 6 Day12 Day 18 Day 24 Day 30 Day 36 Day 42 Day 48 
Ai 1 21.76 54.17 62.50 62.96 62.96 62.96 62.96 62.96 62.96 
Ai 10 7.41 16.17 38.89 40.74 43.98 43.98 43.98 46.76 46.76 
Ai 2 11.57 42.59 56.02 56.02 56.48 56.48 56.94 57.87 58.33 
Ai 6 2.78 27.28 36.11 38.89 41.20 42.13 43.07 47.69 48.15 
Ai 7 8.80 32.04 57.87 58.33 58.33 58.33 58.80 60.19 60.19 
Ai 8 15.74 53.24 68.98 69.44 69.71 69.71 69..71 70.37 70.37 
Ai 9 
 
12.28 43.52 49.54 49.54 50.00 50.00 50.00 50.46 50.46 
P P=0.009  P= 0.003  P=0.03  P=0.05 P=0.1  P=0.1 P=0.1 P=0.1 P=0.2 
 
 
      
E) Khor Donia (Ka). 
Family Day 6 Day12 Day 18 Day 24 Day 30 Day 36 Day 42 Day 48 Day 54 
Ka 1 12.04 31.48 41.67 41.67 41.67 42.59 42.59 44.44 44.91 
Ka 2 22.69 47.22 58.33 58.33 58.80 58.80 59.26 60.19 55.56 
Ka 3 25.93 50.00 58.80 58.80 58.80 59.26 59.26 59.72 59.72 
Ka 4 5.56 35.65 59.72 59.72 60.19 60.19 60.19 61.57 62.04 
Ka 5 37.50 53.70 62.50 63.43 63.89 63.89 63.89 63.89 63.89 
Ka 6 29.17 50.46 59.72 61.11 61.11 61.57 62.96 62.96 62.96 
Ka 8 
 
8.33 29.17 53.24 53.70 54.17 54.17 54.63 56.94 57.41 
P 
 
P=0.0001  P=0.1 P=0.5 P=0.5 P=0.4  P=0.5  P=0.5  P=0.5  .p=0.6 
 
 
 
F) Mazmoum (Mm). 
 
Family Day 6 Day12 Day 18 Day 24 Day 30 Day 36 Day 42 Day 48 Day 54 
Mm1 14.58 36.25 49.17 50.42 50.42 50.42 50.83 51.67 51.67 
Mm 10 11.11 38.43 50.46 50.46 50.46 50.93 51.85 54.17 54.17 
Mm3 6.48 35.19 53.24 53.24 53.24 53.24 53.24 55.56 56.02 
Mm4 18.06 40.28 48.15 49.07 49.54 49.54 50.46 52.31 52.31 
Mm5 13.89 36.11 49.54 50.00 50.46 50.46 50.93 50.93 51.39 
Mm8 20.37 47.22 662.50 62.50 62.50 62.50 62.56 62.96 62.96 
Mm9 
 
8.33 22.92 41.15 43.72 44.27 45.31 41.88 50.00 51.04 
P P=0.03 P=0.4  P=0.7  P=0.8  P=0.8  P=0.8  P=0.9  P=0.9      P= 0.9 
 
       
 
 
 
 
Table 6. (Continued) 
 
G) Abu Dolau (Ao). 
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  H) Khor Donia (Ka). 
 
Family Day 6 Day12 Day 18 Day 24 Day 30 Day 36 Day 42 Day 48 Day 54 
Kj 10 11.57 24.07 35.65 35.65 36.57 39.35 41.20 44.91 44.91 
Kj 2 6.48 23.15 33.80 36.57 37.96 39.81 41.20 41.67 41.67 
Kj 3 18.98 33.33 49.54 51.39 52.31 53.70 55.09 55.09 55.09 
Kj 4 1.85 17.13 39.35 41.20 42.59 43.52 43.98 47.69 48.15 
Kj 5 15.74 37.50 44.91 44.91 46.30 47.22 48.15 52.78 52.78 
Kj 6 6.02 18.98 26.85 27.78 28.70 30.09 34.72 39.81 40.74 
Kj 7 
 
8.33 22.22 37.04 40.28 40.74 42.13 44.91 46.76 47.69 
P P=0.0008  P=0.05 P=0.1  P=0.2  P=0.1  P=0.2  P=0.3  P=0.4  p =0.4 
 
 
 
     I) Hawata (Ha). 
 
Family Day 6 Day12 Day 18 Day 24 Day 30 Day 36 Day 42 Day 48 Day 54 
Ha 1 10.65 34.72 45.37 45.37 45.37 46.76 47.22 49.54 49.54 
Ha 3 3.70 23.61 46.30 47.22 47.22 47.22 48.61 50.93 51.39 
Ha 5 8.80 21.76 35.19 37.96 38.89 41.20 42.13 43.98 43.98 
Ha 6 7.87 29.17 38.43 41.20 41.20 41.67 42.59 43.98 43.98 
Ha 7 12.04 33.33 47.69 47.69 48.15 48.61 48.61 49.07 49.54 
Ha 8 3.70 25.93 47.89 48.15 48.15 48.61 48.61 49.07 49.07 
Ha 9 
 
6.94 19.44 33.80 36.11 36.57 36.57 36.57 38.89 39.35 
P P=0.08  P=0.2  P=0.4 P=0.7  P=0.8  P=0.8  P=0.7  P=0.7  P=0.7 
 
 
 
 
 
 
Table 6. (Continued) 
 
J) Qala en Nahel (Ql). 
Family Day 6 Day12 Day 18 Day 24 Day 30 Day 36 Day 42 Day 48 Day 54 
Ao 1 6.94 20.83 27.78 29.17 29.63 29.63 31.94 31.94 31.94 
Ao 10 6.48 19.91 28.24 29.17 30.09 30.09 30.09 32.41 33.33 
Ao 2 10.65 29.17 38.89 40.28 42.59 42.59 44.44 46.30 46.30 
Ao 3 15.74 40.74 48.15 49.07 50.00 50.93 51.85 52.31 52.31 
Ao 4 13.43 26.39 35.65 37.04 37.96 37.96 38.43 39.81 39.81 
Ao 5 5.56 19.44 34.26 35.19 35.19 36.11 40.28 44.44 44.44 
Ao 6 
 
10.65 25.00 31.48 32.41 32.41 32.87 34.26 37.96 37.96 
P P=0.2  P=0.1  P=0.3  P=0.3  P=0.3  P=0.2  P=0.1  P=0.1  P=0.1  
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Family Day 6 Day12 Day 18 Day 24 Day 30 Day 36 Day 42 Day 48 Day 54 
Ql 2 13.89 25.93 33.33 34.26 35.19 35.19 35.65 37.50 39.81 
Ql 3 18.98 43.52 62.96 64.81 64.81 64.81 64.81 64.81 64.81 
Ql 4 12.96 29.63 36.11 38.89 40.74 41.20 41.20 41.20 41.67 
Ql 5 15.74 40.28 59.72 59.72 59.72 60.19 60.65 62.04 62.04 
Ql 7 7.87 31.48 47.22 47.22 47.69 48.15 49.07 50.00 50.00 
Ql 8 13.43 39.35 50.46 50.93 50.93 51.39 53.70 55.56 56.02 
Ql 9 
 
16.67 39.81 55.09 55.09 57.41 57.41 57.41 57.87 57.87 
P P=0.3 P=0.4  P=0.05  P=0.08  P=0.09 P=0.09  P=0.08  P=0.08  .1 
 
 
 
K) Houri (Hi). 
 
Family Day 6 Day12 Day 18 Day 24 Day 30 Day 36 Day 42 Day 48 Day 54 
Hi 10 12.28 35.65 43.06 44.44 46.76 47.22 48.15 48.61 48.61 
Hi 3 20.37 37.50 55.09 55.56 55.56 55.56 55.56 56.94 56.94 
Hi 5 7.41 17.13 30.09 31.02 35.19 35.65 38.43 41.20 41.67 
Hi 6 16.67 40.28 56.94 58.33 58.80 58.80 59.72 59.72 59.72 
Hi 7 18.98 44.44 50.46 51.39 51.85 52.78 53.70 54.17 54.17 
Hi 8 13.43 24.54 32.87 32.87 33.80 34.26 34.72 37.04 37.03 
Hi 9 
 
12.04 30.09 46.30 46.30 47.69 47.69 48.15 49.07 49.07 
P P=0.2  P=0.02  P=0.04  P=0.04 P=0.1  P=0.1  P=0.1  P=0.1 P=0.1 
 
 
L) Rawashda (Ra). 
 
Family Day 6 Day12 Day 18 Day 24 Day 30 Day 36 Day 42 Day 48 Day 54 
Ra 1 20.37 43.52 54.17 54.17 54.17 54.17 54.17 56.02 56.02 
Ra 2 3.70 16.17 26.85 27.78 29.17 29.17 29.63 31.48 31.94 
Ra 3 12.50 32.41 48.61 49.07 49.54 50.46 52.31 52.78 52.78 
Ra 5 6.02 15.28 22.22 22.69 23.61 26.85 29.63 32.41 33.33 
Ra 6 14.35 29.17 37.04 37.96 38.43 38.43 39.35 41.20 41.20 
Ra 7 2.78 13.89 30.56 32.87 35.19 35.65 36.11 37.50 37.50 
Ra 9 
 
9.72 31.94 46.30 46.76 47.69 47.69 48.61 49.07 49.07 
P P=0.0002 P=0.001 P=0.002 P=0.005 P=0.006 P=0.01 P=0.01 P=0.01 P=0.01 
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Figure 6. Germination percentage means of A.senegal var.senegal  
for twelve locations.
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  Figure 7. Cluster analysis of twelve locations of A.senegal var.senegal for 
                Germination Percentage. 
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Table 8. Hierarchical Clustering of A.senegal  var.senegal locations for 
        germination percentage. 
 
Number of cluster Distance Leader Jointer 
35 0.2614 Abu Gumai Abu Jebeha 
34 0.2969 Abu Gumai Bout 
33 0.2989 Qala en Nahel Hawata 
32 0.3599 Mazmoum Rawashda 
31 0.3940 Houri Gulhak 
30 0.4388 Qala en Nahel Houri 
29 0.6211 Khor Donia Mazmoum 
28 0.6469 Qala en Nahel Houri 
27 0.670 Abu Gumai Bout 
26 0.7242 Abu Gumai Bout 
25 0.7704 Khor Donia Rawashda 
24 0.7889 Abu Gumai Abu Jebeha 
23 0.9179 Abu Dolau Gulhak 
22 0.9201 Qala en Nahel Hawata 
21 0.9692 Karkoj Mazmoum 
20 0.9945 Khor Donia Khor Donia 
19 1.0220 Abu Gumai Abu Gumai 
18 1.0263 Qala en Nahel Hawata 
17 1.0811 Karkoj Mazmoum 
16 1.1405 Qala en Nahel Khor Donia 
15 1.1876 Karkoj Rawashda 
14 1.2377 Abu Gumai Houri 
13 1.2793 Abu Dolau Abu Dolau 
12 1.3222 Qala en Nahel Qala en Nahel 
11 1.3677 Qala en Nahel Khor Donia 
10 1.4407 Abu Dolau Abu Gumai 
9 1.7830 Abu Dolau Abu Dolau 
8 1.9455 Qala en Nahel Karkoj 
7 2.2128 Abu Dolau Abu Gumai 
6 2.2138 Qala en Nahel Karkoj 
5 2.3976 Qala en Nahel Karkoj 
4 2.6871 Abu Dolau Abu Jebeha 
3 2.8255 Qala en Nahel Gulhak 
2 3.5263 Qala en Nahel Qala en Nahel 
1 5.4461 Abu Dolau Qala en Nahel 
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4.5 Seedlings growth: 
4.5.1 Shoot height  
4.5.1.1 Half-sib families within locations 
  Half sib families within locations had shown significant differences of  
 Shoot height of A.senegal var.senegal only within Abu Dolau at age three   
months p=0.02  
(Table, 9G) and within Abu Gumai at age six month p=0.01 (table, 9D) and 
Within Houri at age six month p= 0.01 (Table, 9K) 
  4.5.1.2 Between locations: 
The results did not show significant differences of shoot height of A.senegal  
var.senegal between locations at age three months (p= 0.06). Also, no significant  
differences at age six months (p= 0.2) (Table, 10) 
  4.5.2 growth parameters  
4.5.2.1 Salf-sib families within locations: 
There were no significant differences in individual trees of Gulhak, Abu Dolau, 
Hawata, Rawashda, Khor Donia, Houri, Abu Gumai, Mazmoum and Karkoj 
(Table 11A,11G,11I,11L,11E,11K,11D,11F and11H respectively). A significant 
difference was only found between individual trees of Qala en Nahel in shoot 
fresh weight (p=0.04), root fresh weight (p=0.01) and root oven dry weight 
(p=0.03) (Table, 11J).  
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Also, a significant difference was found between the individual trees of Abu 
Jebeha in shoot oven dry weight (p=0.03) (Table, 11A) and between the 
individual trees of Bout in root/shoot ratio (p= 0.04) (table 11C).  
       4.5.2.2 Between the geographical location: 
  This present study has not shown significant differences in some growth     
   Parameters of A.senegal var.senegal seedlings (Table, 12A to12C). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 9. Seedlings mean height of half-sib families of A.senegal var.senegal  
                   For geographical Locations at age 3 and 6 months (in cm). 
A) Abu Jebeha (Aa) 
Half-sib family Height /3 months Height / 6months 
Aa 2 40.04 a 72.59 a 
Aa 8 32.89 a 59.40 a 
Aa 1 35.65 a 62.20 a 
Aa 3 37.32 a 67.96 a 
Aa 4 33.89 a 57.68 a 
Aa 5 31.83 a 59.47 a 
Aa 9 
Total mean 
33.77 a 
35.06 
 
 
54.67 a 
62.0 
 
 
P 0.3 0.5 
  
 65
B) Gulhak (JK) 
Half-sib family Height /3 months Height / 6months 
Jk 9 33.48 a 52.36 a 
Jk 1 32.24 a 58.89 a 
Jk 10 36.58 a 66.53 a 
Jk 4 30.72 a 54.04 a 
Jk 5 32.02 a 67.16 a 
Jk 6 37.61 a 62.23 a 
Jk 7 
Total mean 
 
29.81 a 
33.21 
49.26 a 
58.64 
P 0.9 0.7 
 
C) Bout (Bt) 
Half-sib family Height /3 months Height / 6months 
Bt 1 38.06 a 61.59 a 
Bt 2 33.63 a 57.46 a 
Bt 10 32.93 a 60.08 a 
Bt 3 33.22 a 73.27 a 
Bt 7 35.94 a 63.93 a 
Bt 8 36.50 a 67.29 a 
Bt 9 
Total mean 
 
37.69 a 
35.43 
61.75 a 
63.63 
P 0.7 0.5 
Table 9. (Continued) 
D) Abu Gumai (Ai) 
Half-sib family Height /3 months Height / 6months 
Ai 1 37.01 a 64.37 ab 
Ai 10 39.18 a 65.99 ab 
Ai 2 34.03 a 49.97 b 
Ai 7 42.82 a 74.73 ab 
Ai 8 38.16 a 80.59 a 
Ai 9 37.61 a 81.74 a 
Ai 6 
Total mean 
 
38.04 a 
38.12 
64.77 ab 
68.88 
P 0.2 0.01 
 
E) Khor Donia (Ka) 
Half-sib family Height /3 months HeiEght / 6months 
Ka 3 38.28 a 64.42 a 
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Ka 1 40.42 a 62.61 a 
Ka 2 32.96 a 53.26 a 
Ka 4 32.86 a 57.56 a 
Ka 5 36.94 a 53.78 a 
Ka 6 36.42 a 58.11 a 
Ka 8 
Total mean 
 
39.53 a 
36.77 
70.60 a 
60.05 
P 0.3 0.5 
 
F) Mazmoum (Mm) 
Half-sib family Height /3 months Height / 6months 
Mm 10 37.25 a 59.26 a 
Mm 4 36.05 a 57.90 a 
Mm 5 35.01 a 61.78 a 
Mm 1 34.30 a 69.70 a 
Mm 3 35.62 a 58.70 a 
Mm 8 32.17 a 60.75 a 
Mm 9 
Total mean 
 
31.35 a 
34.54 
57.32 a 
60.77 
P 0.6 0.7 
 
Table 9. (Continued) 
G) Abu Dolau (Ao) 
Half-sib family Height /3 months Height / 6months 
Ao 5 34.35 ab 50.51 a 
Ao 1 31.42 b 59.20 a 
Ao 10 36.42 ab 69.86 a 
Ao 2 43.40 a 73.70 a 
Ao 3 33.15 ab 57.41 a 
Ao 4 34.30 ab 53.57 a 
Ao 6 
Total mean 
 
37.26 ab 
35.76 
78.09 a 
63.19 
P 0.02 0.07 
 
H) Karkoj (Kj) 
Half-sib family Height /3 months Height / 6months 
Kj 2 33.94 a 58.13 a 
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Kj 10 34.86 a 66.36 a 
Kj 3 40.07 a 59.29 a 
Kj 4 39.00 a 68.04 a 
Kj 5 36.21 a 75.79 a 
Kj 6 35.94 a 61.13 a 
Kj 7 
Total mean 
 
38.56 a 
36.94 
64.73 a 
64.78 
P 0.8 0.4 
 
I) Hawata (Ha) 
Half-sib family Height /3 months Height / 6months 
Ha 1 35.86 a 61.24 a 
Ha 3 35.83 a 56.39 a 
Ha 5 36.61 a 69.60 a 
Ha 7 34.47 a 70.15 a 
Ha 8 36.37 a 61.89 a 
Ha 9 38.45 a 62.16 a 
Ha 6 
Total mean 
 
36.42 a 
36.29 
67.95 a 
64.02 
P 0.9 0.7 
 
Table 9. (Continued) 
J) Qala en Nahel (Ql) 
Half-sib family Height /3 months Height / 6months 
Ql 4 36.16 a 61.32 a 
Ql 5 38.73 a 67.95 a 
Ql 2 39.15 a 57.88 a 
Ql 3 39.78 a 72.03 a 
Ql 7 34.58 a 55.37 a 
Ql 8 37.89 a 66.42 a 
Ql 9 
Total mean 
 
31.90 a 
36.88 
56.80 a 
62.54 
P 0.3 0.5 
 
K) Houri (Hi) 
Half-sib family Height /3 months Height / 6months 
Hi 3 31.48 a 50.69 b 
Hi 5 34.17 a 55.01 ab 
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Hi 6 39.44 a 67.53 ab 
Hi 7 33.98 a 66.20 ab 
Hi 8 38.17 a 79.30 a 
Hi 10 40.53 a 71.57 ab 
Hi 9 
Total mean 
 
39.46 a 
36.89 
67.79 ab 
65.44 
P 0.1 0.01 
L) Rawashda (Ra) 
Half-sib family Height /3 months Height / 6months 
Ra 37.91 a 72.14 a 
Ra 38.06 a 68.88 a 
Ra 39.17 a 69.87 a 
Ra 35.95 a 67.01 a 
Ra 36.53 a 49.57 a 
Ra 38.60 a 62.52 a 
Ra 
Total mean 
 
36.65 a 
37.56 
70.27 a 
65.75 
P 0.9 0.2 
Mean of the same letters in the same location and column are  
 not significantly differences 
Table 10. Seedlings mean height of A.senegal var.senegal geographical 
             Locations  at age 3 and 6 months (in cm).              
Geographical locations Height/ 3 months Height /6 months 
Abu Jebeha 35.06 ab 62.00 a 
Gulhak 33.21 b 58.64 a 
Bout 35.43 ab 63.63 a 
Abu Gumai 38.12 a 68.88 a 
Khor Donia 36.77 ab 60.05 a 
Mazmoum 34.54 ab 60.77 a 
Abu Dolau 35.76 ab 63.19 a 
Karkoj 36.94 ab 64.78 a 
Hawata 36.29 ab 64.20 a 
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Qala en Nahel 36.88 ab 62.54 a 
Houri 36.89 ab 65.44 a 
Rawashda 
 
 
37.56 ab 65.75 a 
P 0.06 0.2 
 
Means with the same letters in the same column are not significantly differences 
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Table 11.  Mean weights of some growth parameters of half-sib family of A.senegal var.senegal  (in grams). 
A) Abu Jebeha (Aa) 
Irrigation interval (3 days) Irrigation interval (6days) Irrigation interval (12dyas)  
Family Shoot 
Fresh 
Weight 
Shoot 
O.dry  
Weight  
Root 
Fresh 
Weight  
Root 
O.dry 
Weight 
Root/ 
Shoot 
ratio 
Shoot 
Fresh 
Weight 
Shoot 
O.dry 
Weight 
Root 
Fresh 
Weight 
Root 
O.dry 
Weight  
Root/ 
Shoot 
ratio 
Shoot 
Fresh 
Weight 
Shoot 
O.dry 
Weight 
Root 
Fresh 
Weight 
Root 
O.dry 
Weight 
Root/ 
Shoot 
ratio 
Aa 1 48.03 26.67 31.00 16.23 0.730 46.90 27.46 25.37 14.43 0.578 95.60 54.20 36.90 19.87 0.410 
Aa 2 40.33 23.43 33.67 18.57 0.824 67.87 39.53 46.10 23.27 0.574 26.93 14.50 19.33 11.10 0.824 
Aa 3 68.30 32.57 28.60 14.13 0.638 38.00 19.27 31.10 15.43 0.881 21.07 12.30 13.77 10.97 0.849 
Aa 4 49.73 27.63 37.17 20.57 0.751 49.73 26.23 31.00 19.57 0.918 59.00 29.80 30.03 17.20 0.887 
Aa 5 59.77 30.33 32.53 18.57 0.864 43.90 27.17 35.40 19.93 0.870 14.10 8.33 14.40 6.90 0.551 
Aa 8 131.20 68.43 39.33 22.20 0.388 32.43 19.33 28.40 16.90 0.984 11.77 6.57 10.97 6.37 0.673 
Aa 9 
 
52.70 29.63 24.13 12.93 0.475 34.87 18.60 20.70 11.43 0.686 46.13 21.60 20.03 10.73 0.739 
P 0.3        0.3    0.7    0.7     0.6    0.7    0.6     0.4    0.5    0.3     0.06    0.03   0.07   0.2    0.8 
 
 
B) Gulhak (Jk) 
Irrigation interval (3 days) Irrigation interval (6days) Irrigation interval (12dyas)  
Family Shoot 
Fresh 
weight  
Shoot 
O.dry  
Weight 
Root 
Fresh 
Weight 
Root 
O.dry 
Weight
Root/ 
Shoot 
ratio 
Shoot 
Fresh 
Weight
Shoot 
O.dry 
Weight
Root 
Fresh 
Weight
Root 
O.dry 
Weight 
Root/ 
Shoot 
ratio 
Shoot 
Fresh 
Weight
Shoot 
O.dry 
Weight
Root 
Fresh 
Weight
Root 
O.dry 
Weight
Root/ 
Shoot 
ratio 
Jk 1 63.47 32.13 28.67 15.53 0.459 23.70 14.07 24.87 13.93 1.198 26.37 15.73 21.30 11.90 0.786 
Jk 10 66.03 36.50 45.73 26.13 0.847 54.27 31.57 36.27 20.97 0.919 41.07 19.73 16.27 7.90 1.030 
Jk 4 48.07 25.30 37.67 19.13 0.980 60.40 31.50 32.90 16.30 0.522 14.25 6.80 13.05 6.95 0.511 
Jk 5 42.63 23.47 27.60 15.83 0.833 53.97 29.80 36.00 19.30 0.898 33.10 17.47 23.03 12.50 0.817 
Jk 6 33.03 20.33 32.00 16.93 0.904 24.75 15.75 24.43 14.05 0.874 69.43 32.03 42.83 24.08 1.139 
Jk 7 28.37 14.07 20.87 12.03 0.985 47.47 26.17 33.53 17.70 0.667 41.40 20.07 22.47 11.17 .710 
Jk 9 
 
52.40 27.63 32.50 17.50 0.723 49.60 29.03 37.00 17.70 0.642 21.00 12.47 18.20 9.47 1.030 
P 0.8    0.8 0.3     0.3 0.7    0.6      0.6    0.9    0.9 0.5   0.7        0.8     0.4   0.3     0.7 
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Table 11.  (Continued) 
C) Bout (Bt) 
Irrigation interval (3 days) Irrigation interval (6days) Irrigation interval (12dyas)  
Family Shoot 
Fresh 
Weight 
Shoot 
O.dry  
Weight  
Root 
Fresh 
Weight  
Root 
O.dry 
Weight 
Root/ 
Shoot 
ratio 
Shoot 
Fresh 
Weight 
Shoot 
O.dry 
Weight 
Root 
Fresh 
Weight 
Root 
O.dry 
Weight  
Root/ 
Shoot 
ratio 
Shoot 
Fresh 
Weight 
Shoot 
O.dry 
Weight 
Root 
Fresh 
Weight 
Root 
O.dry 
Weight 
Root/ 
Shoot 
ratio 
Bt 1 163.93 86.67 49.47 25.23 0.353 22.07 14.37 23.13 12.63 0.799 49.90 28.77 28.13 15.23 0.848 
Bt 10 53.40 29.63 41.73 19.50 0.643 55.07 28.37 32.53 17.23 0.722 44.83 24.40 19.43 10.83 0.837 
Bt 2 29.97 17.63 29.43 16.23 1.014 39.43 20.20 24.27 11.43 0.928 61.43 33.53 32.67 18.27 0.906 
Bt 3 92.63 48.87 42.43 22.17 0.579 28.83 14.37 18.37 9.60 0.983 50.17 26.40 21.53 13.30 0.776 
Bt 7 107.33 57.27 42.07 23.23 0.422 71.17 47.90 33.53 22.60 0.720 23.50 13.07 22.77 12.80 1.031 
Bt 8 82.43 45.30 45.10 22.93 0.521 25.10 15.27 32.47 17.63 1.107 46.87 30.13 34.20 19.10 0.745 
Bt 9 
 
42.60 22.17 35.40 20.23 1.008 45.57 23.40 32.10 16.97 0.830 17.20 9.33 18.27 10.17 1.076 
P 0.08   0.08   0.4     0.8     0.04   0.7    0.6    0.9     0.6     0.8     0.8    0.8     0.7     0.7    0.9 
 
D) Abu Gumai (Ai) 
Irrigation interval (3 days) Irrigation interval (6days) Irrigation interval (12dyas)  
Family Shoot 
Fresh 
weight  
Shoot 
O.dry  
Weight 
Root 
Fresh 
Weight  
Root 
O.dry 
Weight 
Root/ 
Shoot 
ratio 
Shoot 
Fresh 
Weight 
Shoot 
O.dry 
Weight 
Root 
Fresh 
Weight 
Root 
O.dry 
Weight  
Root/ 
Shoot 
ratio 
Shoot 
Fresh 
Weight 
Shoot 
O.dry 
Weight 
Root 
Fresh 
Weight 
Root 
O.dry 
Weight 
Root/ 
Shoot 
ratio 
Ai1 37.87 21.40 30.10 15.53 0.769 36.10 16.77 29.80 16.93 1.324 52.47 30.07 34.23 19.90 0.683 
Ai 10 77.03 40.07 38.83 20.33 0.767 63.20 36.20 28.60 15.27 0.675 56.33 31.53 33.17 20.47 0.665 
Ai 2 91.57 53.00 61.27 28.53 0.705 44.83 26.87 35.20 20.10 0.793 63.17 34.83 35.20 22.80 0.902 
Ai 6 90.23 47.43 44.53 25.23 0.588 65.27 33.00 26.50 13.23 0.477 52.07 27.20 28.30 17.10 0.888 
Ai 7 82.53 60.10 40.10 21.17 0.532 37.40 25.93 27.27 15.63 0.998 23.83 13.63 20.33 11.20 1.081 
Ai 8 45.80 25.37 35.47 19.17 1.040 18.80 10.00 17.67 9.33 0.933 64.90 36.17 23.33 10.27 0.433 
Ai 9 
 
91.53 50.93 36.97 20.67 0.481 48.27 27.93 38.67 22.70 0.822 37.83 20.43 29.63 16.60 0.937 
P 0.8 0.7        0.09    0.1      0.5      0.4      0.4        0.4    0.4     0.3     0.7      0.7     0.7      0.6    0.6    
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Table 11.  (Continued) 
E) Khor Donia (Ka) 
Irrigation interval (3 days) Irrigation interval (6days) Irrigation interval (12dyas)  
Family Shoot 
Fresh 
Weight  
Shoot 
O.dry  
Weight  
Root 
fresh 
weight  
Root 
O.dry 
weight 
Root 
/shoot 
Ratio 
Shoot 
Fresh 
Weight
Shoot 
O.dry 
weight 
Root 
fresh 
weight 
Root 
O.dry 
weight 
Root 
/shoot 
Ratio 
Shoot 
Fresh 
Weight
Shoot 
O. dry 
Weight 
Root 
fresh 
weight 
Root 
O.dry 
weight 
Root 
/shoot 
Ratio 
Ka 1 56.13 30.17 35.13 18.80 0.669 35.77 22.43 30.23 16.73 0.876 58.40 30.78 36.23 20.93 0.760 
Ka 2 144.13 79.73 48.07 25.70 0.346 70.10 45.50 45.50 24.63 0.678 24.73 14.93 26.57 15.37 1.024 
Ka 3 43.30 23.37 28.07 13.60 0.666 55.70 28.93 28.93 15.13 0.674 65.90 35.90 32.63 17.60 0.490 
Ka 4 64.90 34.13 28.40 14.47 0.465 35.30 27.10 27.10 13.97 0.981 47.67 23.87 16.77 9.47 0.627 
Ka 5 75.97 43.20 37.03 20.67 0.782 66.13 32.80 32.80 19.00 0.462 29.80 18.37 14.43 8.30 0.591 
Ka 6 49.87 25.73 33.73 18.40 0.683 59.33 31.73 31.73 17.83 0.764 27.20 14.87 14.97 7.20 0.338 
Ka 8 
 
118.70 64.73 45.07 23.73 0.533 41.03 30.97 30.97 17.27 0.704 59.37 32.47 30.97 17.10 0.753 
P 0.2        0.1 0.2     0.1        0.6      0.7      0.7      0.6       0.6      0.7     0.7       0.7      0.5      0.4      0.2 
 
F) Mazmoum (Mm) 
Irrigation interval (3 days) Irrigation interval (6days) Irrigation interval (12dyas)  
Family Shoot 
Fresh 
weight  
Shoot 
O.dry  
Weight  
Root 
Fresh 
Weight  
Root 
O.dry 
Weight 
Root/ 
Shoot 
ratio 
Shoot 
Fresh 
Weight 
Shoot 
O.dry 
Weight 
Root 
Fresh 
Weight 
Root 
O.dry 
Weight  
Root/ 
Shoot 
ratio 
Shoot 
Fresh 
Weight 
Shoot 
O.dry 
Weight 
Root 
Fresh 
Weight 
Root 
O.dry 
Weight 
Root/ 
Shoot 
ratio 
Mm1 66.50 31.27 29.77 16.20 0.544 52.63 31.43 29.60 15.37 0.739 57.53 29.27 29.10 15.00 0.642 
Mm 10 38.70 19.43 25.87 13.93 0.700 69.40 39.63 32.43 18.53 0.746 37.80 20.07 30.40 15.57 0.942 
Mm 3 37.67 20.93 32.07 17.70 0.859 65.97 37.57 42.47 22.87 0.611 16.10 8.63 17.23 8.77 1.025 
Mm 4 54.50 29.43 38.40 19.00 0.661 26.00 15.03 32.83 17.67 1.323 31.93 17.97 26.60 15.17 0.932 
Mm 5 69.77 37.17 35.60 19.33 0.602 70.47 38.23 38.07 22.07 0.624 34.43 20.23 27.03 14.83 0.874 
Mm 8 69.00 36.37 37.33 19.47 0.592 64.33 37.07 39.30 22.87 0.617 56.67 32.20 23.30 12.67 0.615 
Mm9 
 
99.80 54.90 43.50 21.13 0.661 63.53 36.27 32.37 17.63 0.635 28.10 15.73 23.03 13.63 0.909 
P 0.5       0.5       0.5       0.5       0.7      0.8      0.8      0.9     0.8     0.1    0.5     0.6      0.8       0.9     0.6 
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Table 11. (Continued) 
G) Abu Dolau (Ao) 
 
H) Karkoj (Kj) 
Irrigation interval (3 days) Irrigation interval (6days) Irrigation interval (12dyas)  
 
Family 
 
Shoot 
Fresh 
Weight 
Shoot 
O.dry  
Weight 
Root 
Fresh 
Weight  
Root 
O.dry 
Weight 
Root/ 
Shoot 
ratio 
Shoot 
Fresh 
Weight 
Shoot 
O.dry 
Weight 
Root 
Fresh 
Weight 
Root 
O.dry 
Weight  
Root/ 
Shoot 
ratio 
Shoot 
Fresh 
Weight 
Shoot 
O.dry 
Weight
Root 
Fresh 
Weight 
Root 
O.dry 
Weight 
Root/ 
Shoot 
ratio 
Kj10 58.70 32.57 33.43 19.67 0.609 39.37 21.50 33.73 14.87 0.828 23.60 13.13 18.70 9.07 0.829 
Kj 2 62.67 35.57 47.73 25.17 0.703 26.00 12.80 24.40 13.40 1.102 56.90 29.83 40.03 20.60 0.791 
Kj 3 64.67 34.77 34.83 18.73 0.556 35.70 21.10 24.60 12.90 0.628 59.27 30.23 32.93 17.60 0.605 
Kj 4 96.93 55.50 62.33 31.53 0.564 43.23 29.63 34.87 19.97 0.665 51.43 29.00 38.37 22.63 0.870 
Kj 5 70.90 36.47 40.73 21.80 0.658 73.00 33.27 34.77 19.23 0.642 30.93 16.00 25.33 14.13 1.040 
Kj 6 44.90 17.03 32.63 14.73 0.902 77.87 45.23 38.57 21.77 0.511 46.30 23.10 33.60 15.63 0.812 
Kj 7 
 
117.57 55.37 52.10 27.33 0.657 44.07 22.53 15.50 8.27 0.518 50.50 27.33 38.63 24.13 1.111 
P 0.3     = 0.1  0.2     0.3    0.6     0.1     0.1     0.2      0.1    0.3     0.8    0.8        0.9        0.7   0.5 
Irrigation interval (3 days) Irrigation interval (6days) Irrigation interval (12dyas)  
Family Shoot 
Fresh  
Weight  
Shoot 
O.dry  
Weight  
Root 
Fresh 
Weight 
Root 
O.dry 
Weight 
Root/ 
Shoot 
ratio 
Shoot 
Fresh 
Weight 
Shoot 
O.dry 
Weight 
Root 
Fresh 
Weight 
Root 
O.dry 
Weight 
Root/ 
Shoot 
ratio 
Shoot 
Fresh 
Weight 
Shoot 
O.dry 
Weight 
Root 
Fresh 
Weight 
Root 
O.dry 
Weight 
Root/ 
Shoot 
ratio 
Ao1 57.60 35.23 34.07 17.50 0.987 15.90 8.30 13.90 7.40 0.896 11.13 11.07 9.20 5.77 1.174 
Ao 10 83.30 46.63 44.07 24.93 0.597 52.50 34.85 33.35 19.60 0.610 41.33 25.57 29.13 16.60 0.859 
Ao 2 27.50 18.27 26.57 16.33 0.977 116.67 68.20 41.10 23.37 0.594 49.07 28.47 30.17 16.37 0.588 
Ao 3 75.70 44.87 40.40 23.13 0.534 27.30 14.60 32.00 16.43 1.067 32.53 19.80 20.30 11.33 0.679 
Ao 4 116.10 59.80 56.97 33.40 0.580 16.60 10.30 18.20 10.80 1.066 22.63 9.53 15.97 8.93 0.912 
Ao5 61.87 31.63 35.80 19.30 0.783 16.07 12.13 18.97 11.33 0.952 17.93 11.60 17.83 10.73 1.085 
Ao 6 
 
46.80 26.17 32.23 17.60 0.699 25.07 12.47 18.97 10.33 0.967 37.07 22.43 28.83 15.43 0.970 
P 0.4     0.4    0.3   0.2     0.4     0.08   0.08    0.3     0.3      0.2    0.4   0.5     0.4    0.4     0.7 
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Table 11.  (Continued) 
I) Hawata (Ha)  
Irrigation interval (3 days) Irrigation interval (6days) Irrigation interval (12dyas)  
Family Shoot 
Fresh  
Weight  
Shoot 
O.dry  
Weight  
Root 
Fresh 
Weight  
Root 
O.dry 
Weight 
Root/ 
Shoot 
ratio 
Shoot 
Fresh 
Weight 
Shoot 
O.dry 
Weight 
Root 
Fresh 
Weight 
Root 
O.dry 
Weight  
Root/ 
Shoot 
ratio 
Shoot 
Fresh 
Weight 
Shoot 
O.dry 
Weight 
Root 
Fresh 
Weight 
Root 
O.dry 
Weight 
Root/ 
Shoot 
ratio 
Ha 1 80.60 44.43 56.53 30.57 0.788 27.63 16.00 28.20 16.27 1.088 25.77 15.57 25.40 14.33 1.013 
Ha 3 74.13 40.53 41.87 24.33 0.671 49.80 26.93 28.17 15.47 0.694 40.30 23.30 33.43 19.07 1.047 
Ha 5 48.40 27.03 36.93 19.97 0.885 64.23 29.40 36.43 18.67 0.943 66.20 34.50 20.00 10.47 0.813 
Ha 6 62.83 33.53 26.63 16.77 0.953 25.67 15.97 14.57 7.63 0.534 42.07 20.43 22.70 11.43 0.693 
Ha 7 47.97 25.40 26.33 13.93 0.739 81.83 47.57 33.63 19.73 0.611 23.70 15.80 20.67 12.30 0.800 
Ha 8 52.97 31.67 36.50 20.17 0.747 57.90 28.03 24.70 13.07 1.259 37.20 22.00 26.33 15.30 0.803 
Ha 9 
 
90.27 35.23 41.13 22.60 0.650 22.47 13.43 17.27 10.93 0.772 38.70 21.03 26.17 13.93 0.788 
P 0.9     0.9   0.2 0.2     0.9 0.7 0.8  0.4 0.6  0.5    0.9 0.9 0.9 0.9 0.8 
 
  J) Qala en Nahel (Ql) 
Irrigation interval (3 days) Irrigation interval (6days) Irrigation interval (12dyas)  
Family Shoot 
Fresh 
weight  
Shoot 
O.dry  
Weight  
Root 
Fresh 
Weight  
Root 
O.dry 
Weight 
Root/ 
Shoot 
ratio 
Shoot 
Fresh 
Weight 
Shoot 
O.dry 
Weight 
Root 
Fresh 
Weight 
Root 
O.dry 
Weight  
Root/ 
Shoot 
ratio 
Shoot 
Fresh 
Weight 
Shoot 
O.dry 
Weight 
Root 
Fresh 
Weight 
Root 
O.dry 
Weight 
Root/ 
Shoot 
ratio 
Ql 2 48.93 27.53 36.10 20.53 0.731 27.03 15.20 30.27 17.07 1.132 56.43 32.73 38.13 20.77 0.653 
Ql 3 39.30 21.50 31.67 17.37 0.890 81.17 43.70 26.87 13.87 0.655 21.97 14.63 17.77 11.17 1.058 
Ql 4 81.53 45.03 39.27 21.40 0.529 43.63 25.07 32.63 19.63 0.807 14.23 6.77 14.37 7.97 1.345 
Ql 5 81.50 46.60 51.90 29.43 0.716 33.00 18.47 31.27 16.37 1.052 74.30 46.17 37.00 21.03 0.595 
Ql 7 72.77 41.63 30.87 17.07 0.463 15.87 10.00 20.07 10.67 1.091 24.57 14.97 22.83 13.80 1.030 
Ql 8 64.23 32.67 43.90 23.00 0.829 46.27 23.20 24.00 13.17 0.771 58.10 35.60 35.87 20.37 0.645 
Ql 9 
 
38.80 20.80 21.37 12.40 0.639 15.40 12.67 20.90 11.90 1.000 17.17 8.63 13.80 8.73 1.009 
P 0.3    0.2    0.06    0.1      0.5    0.3     0.4     0.7   0.7     0.7    0.04   0.09   0.01 0.02   0.08 
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Table 11. (Continued) 
   K) Houri (Hi)  
Irrigation interval (3 days) Irrigation interval (6days) Irrigation interval (12dyas)  
Family Shoot 
Fresh 
weight  
Shoot 
O.dry  
Weight  
Root 
Fresh 
Weight  
Root 
O.dry 
Weight 
Root/ 
Shoot 
ratio 
Shoot 
Fresh 
Weight 
Shoot 
O.dry
Wt  
Root 
Fresh 
Weight 
Root 
O.dry 
Weight  
Root/ 
Shoot 
ratio 
Shoot 
Fresh 
Weight 
Shoot 
O.dry 
Weight 
Root 
Fresh 
Weight 
Root 
O.dry 
Weight 
Root/ 
Shoot 
ratio 
Hi 10 100.20 57.33 36.80 20.90 0.366 34.30 24.30 34.50 20.97 0.966 51.53 27.93 28.27 15.60 0.622 
Hi 3 33.37 19.23 32.00 17.10 0.921 29.63 16.80 24.73 13.60 0.810 28.53 14.57 14.73 8.03 0.568 
Hi 5 78.20 40.07 35.27 18.73 0.606 30.30 16.43 29.70 16.53 1.064 70.77 41.57 35.57 20.13 0.568 
Hi 6 55.30 30.13 27.27 17.17 0.616 81.30 41.60 59.50 32.00 0.718 61.37 35.57 33.17 16.93 0.494 
Hi 7 36.67 18.97 28.50 15.00 0.805 25.40 15.27 23.83 12.50 0.912 16.53 9.70 11.83 6.10 1.148 
Hi 8 78.47 42.57 35.73 18.90 0.451 60.86 37.70 37.80 24.17 0.631 54.30 32.63 39.87 24.13 0.737 
Hi 9 
 
77.03 39.53 30.63 17.10 0.517 39.50 22.97 33.37 18.40 0.851 61.90 37.23 33.67 18.63 0.531 
P 0.2     0.1     0.7       0.8    0.1      0.2     0.3      0.5       0.6       0.6      0.4     0.3     0.2      0.1       0.3 
 
 L) Rawashda (Ra) 
Irrigation interval (3 days) Irrigation interval (6days) Irrigation interval (12dyas)  
Family Shoot 
Fresh 
Weight 
Shoot 
O. dry 
weight  
Root 
fresh 
weight  
Root 
O.dry  
Weight 
Root 
/shoot 
Ratio 
Shoot 
Fresh 
Weight
Shoot 
O.dry 
weight 
Root 
fresh 
weight 
Root 
O.dry  
Weight 
Root 
/shoot 
Ratio 
Shoot 
Fresh 
Weight
Shoot 
O.dry  
Weight 
Root 
fresh 
weight 
Root 
O.dry 
weight 
Root 
/shoot 
Ratio 
Ra 1 50.23 31.10 33.30 19.57 0.846 48.93 29.53 41.00 23.83 1.118 23.40 11.40 19.37 9.87 0.891 
Ra 2 63.10 33.67 28.03 14.80 0.604 36.43 20.30 27.53 15.03 0.964 34.63 20.73 29.00 17.13 0.913 
Ra 3 98.13 55.90 52.97 28.80 0.514 60.77 35.17 35.20 18.83 0.612 76.90 46.23 36.23 21.10 0.729 
Ra 5 56.87 30.57 45.63 24.40 0.806 38.47 21.63 35.00 18.87 0.894 65.80 40.37 40.23 26.40 0.663 
Ra 6 37.40 20.13 31.70 15.80 1.019 28.53 18.93 24.23 13.60 0.711 41.47 23.90 31.30 17.37 0.739 
Ra 7 73.30 39.63 33.47 19.63 0.458 73.07 46.90 36.20 20.93 0.588 42.20 25.90 36.43 20.33 0.938 
Ra 9 
 
41.53 23.17 34.67 20.10 0.983 22.90 15.57 20.53 11.67 0.519 26.60 15.23 21.17 13.43 0.752 
P 0.2      0.2         0.2      0.4         0.2     0.5       0.5      0.5     0.6       0.4      0.5      0.5      0.7     0.6      0.9 
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 Table 12. Mean weights of some growth parameters of Acacia senegal var.senegal   
               seedlings between locations. 
                       
                      A) Irrigation every 3 days 
 
 
B) Irrigation every 6 days 
 
Geographical 
location 
Shoot fresh 
weight (gm) 
Shoot oven dry 
weight (gm) 
Root fresh 
weight (gm) 
Root oven dry 
weight (gm) 
 
 
Root/Shoot 
Ratio 
Abu Gebeha 40.40 24.84 30.82 17.64 0.799 
Gulhak 38.95 23.44 28.05 15.94 0.815 
Bout 31.09 19.64 23.23 13.79 0.967 
Abu Gumai 36.53 22.46 28.00 16.01 0.868 
Khor Donia 53.74 32.57 31.91 18.46 0.733 
Mazmoum 57.51 34.64 34.23 19.86 0.769 
Ab Dolau 44.06 27.08 22.61 13.31 0.818 
Karkoj 43.04 25.16 26.24 14.68 0.679 
Hawata 45.50 25.76 26.84 15.63 0.914 
Qala en Nahel 33.08 20.26 23.34 13.98 0.970 
Houri 41.44 25.69 35.46 20.56 0.878 
Rawashda 
 
46.21 30.02 32.00 18.43 0.815 
P 
 
0.7 
                       
0.8   
  
0.1   
  
0.2  
  
0.7 
 
  
 
 
 
 
 
Geographical 
location 
Shoot fresh 
Weight (gm) 
Shoot oven dry 
Weight (gm) 
Root fresh 
Weight (gm) 
Root oven dry 
Weight (gm) 
Root/shoot ratio 
Abu Gebeha 64.30 34.10 32.26 17.60 0.67 
Gulhak 47.71 25.63 32.15 17.58 0.86 
Bout 81.76 43.93 40.90 21.36 0.65 
Abu Gumai 73.80 42.61 41.04 21.52 0.70 
Khor Donia 79.00 43.61 36.50 19.34 0.59 
Mazmoum 62.28 32.79 34.65 18.54 0.70 
Ab Dolau 66.98 37.51 38.59 21.74 0.74 
Karkoj 73.76 38.18 43.40 22.71 0.66 
Hawata 65.31 33.98 38.00 21.19 0.78 
Qala en nahel 61.00 33.68 36.44 20.17 0.69 
Houri 65.63 35.40 32.31 17.84 0.61 
Rawashda 
 
60.08 33.42 37.11 20.44 0.75 
P 
 
0.5  
  
0.4 
                         
0.08  
  
0.2  
  
0.2 
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            Table 12. (Continued) 
            C) Irrigation every 12 days 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Geographical 
location 
Shoot fresh 
weight (gm) 
Shoot oven dry   
weight (gm) 
Root fresh 
weight (gm) 
Root oven dry 
weight (gm) 
Root/ shoot 
Ratio 
Abu Gebeha 39.23 21.04 20.78 11.88 0.564 
Gulhak 33.53 17.44 22.21 12.23 0.5506 
Bout 41.99 23.66 25.29 14.24 0.6018 
Abu Gumai 50.09 27.70 29.17 16.90 0.610 
Khor Donia 44.72 24.45 24.61 13.71 0.0406 
Mazmoum 37.51 20.59 25.24 13.66 0.6634 
Ab Dolau 30.24 18.35 21.63 12.17 0.663 
Karkoj 45.56 24.09 32.51 17.69 0.5441 
Hawata 39.13 21.80 24.96 13.83 0.6344 
Qala en nahel 38.11 22.79 25.68 14.83 0.650 
Houri 49.27 28.46 28.16 15.65 0.5498 
Rawashda 
 
44.43 26.25 30.54 17.94 0.6834 
P 
 
0.8  
  
0.7 
  
0.2 
  
0.2 
  
0.2 
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Table 13. Effects of irrigation regimes on seed germination percentage and 
         some seedlings  growth parameters of Acacia senegal var senegal. 
 
A) Germination  
 
 
 
 
B) Growth parameters 
 
   
       Means with the same letters in the same column are not significantly different. 
    
 
 
 
 
 
 
 
 
 
 
 
Irrigation Day 6 Day 12 Day 18 Day 24 Day 30 Day36  Day 42 Day 48 Day 54 
3 days 14.95 a 43.78 a 59.26 a 60.60 a 61.18 a 61.74 a 62.05 a 62.25 a 62.25 a 
6 days 8.50 b 29.83 b 42.51 b 43.78 b 44.44 b 45.01 b 45.82 b 46.49 b 46.37 b 
12 days 
 
11.21 c 17.21 c 17.20 c 28.69 c 29.80 c 30.37 c 31.94 c 36.09 c 36.72 c 
P 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 
Irrigation Height  
3 month 
(cm) 
Height 
6 month 
(cm) 
Shoot fresh 
weight 
(g) 
Shoot oven 
dry weight 
(g) 
Root fresh 
weight 
(g) 
Root oven 
dry weight 
(g) 
Root/ shoot 
ratio 
3 days 40.81a 67.66 a 66.80 a 36.19 a 36.94 a 20.00 a 0.69 b 
6 days 36.50 b 64.16 a 45.36 b 25.86 b  30.10 b 16.62 b 0.81 a 
12 days 
 
31.01 c 58.14 b 41.15 b 23.05 b 25.90 c 14.56 c 0.82 a 
P 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 
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Chapter VI 
 
DISCUSSION 
 
 Seed length, seed width, seed weight and germination percentage of 
A.senegal var.senegal showed significant differences within and between 
twelve geographical locations, which were chosen to represent the species in 
the clay part of Sudan with differences in rainfall and geographical site. The 
results indicated that half-sib families within locations were significantly 
different in seed length within eight locations (Table, 3A to, 3I), seed width 
within eleven locations (Table, 3A to, 3K) and in seed weight for all half-sib 
families within locations (Table, 3A and 3L). 
 
Also, the results had shown significant differences in germination percentage 
of half -sib families within ten locations in day6, day12 after seed sowing 
(Table, 6A to 6 J). However, the half-sib families within Rawashda and Bout 
had shown significant differences during the whole period (54 days) (Table 
6K & 6L respectively). 
 
Also, the result had not revealed significant differences in some growth 
parameters (shoot height, shoot fresh weight, shoot oven dry weight, root fresh 
weight root oven dry weight and root/shoot ratio) between the geographical 
locations (table 10A, 10B, and 10C). Half-sib families within locations were 
not different in some growth parameters except in half-sib families within  
 lxxx
Qala en Nahel for shoot fresh weight, root fresh weight, root oven dry weight 
and in half-sib families within Abu Jebeha forshoot oven dry weight (Table, 
9K and9L).  The results have also shown strong positive correlation between 
seed weight with seed length and seed width.  Cluster analysis for seed 
characteristics and germination percentage had shown grouping of the 
geographical locations according to the differences in seed characteristics and 
germination percentage. 
 5.1 Seed characteristics: 
The observed variation in seed characteristics between locations indicates 
genetic differences pointing to provenances differences (table 4& figure 2). 
Also, the variation between the half-sib families within the studied locations 
(Table, 3A to 3L) indicates large genetic differences between the half-sib 
families within sites. 
 
The mean seed length, width and seed weight between the half-sib families 
within locations showed significantly large variations (Table, 3Ato 3L). 
For examples the seed length ranged between 0.832 and 1.240 cm in Karkoj 
and between 0.741 cm and 0.853 cm in Houri (Table 3f and 3J).  
The seed width ranged between 0.765 cm and 1.048 cm in Hawata and 
between 0.707 cm and 0.873 cm in Houri (Table 3D and 3J). The seed weight 
ranged between 1.011g and 1.166 g in Karkoj and between 0.591g and 1.012g 
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in Houri (Table, 3F and 3J). (Table, 4 ) shows that Karkoj has high seed 
characteristics values and Houri has the lowest . 
 
Seed weight often varies considerably within species, both because of genetic 
and environmental differences or combination of the two (Lars Schmidt, 
2000).  For non – globous seed the length, width and thickness accepted to 
contain variation. (Lars Schmidt, 2000).  The significant variability in seed 
characteristics in Acacia senegal var. senegal generally agrees with the 
findings for other species (Oteybeye, 1983; Nelson and Tauer, 1987; Ladipo, 
1989).  This is more reflected among the seed sources, as they are located in 
different geographical locations, which have different topographic, rainfall 
and climatic conditions. Fruit development variation is a product of the inter 
action between the environment and inherited qualities of tree populations and 
individual (Keiding, 1977). A population must maintain enough variation or it 
will face possible extinction. 
 
Significant differences have been reported by Salazar (1988,1989) in seed 
characteristics, number of seed per kilogram and seedling parameters for 
Acacia mangium species Duct and Jawal (1991) reported significant 
differences in seed weight and seedling growth of Acacia auricuiformis 
provenances. The present results also agree with findings of Fasehun and 
Bello Kura (1992) who reported highly significant differences in seed 
parameters of six widely separated sources of Acacia nilotica . Also, Bachi 
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and Dobriyal (1990) found that, 21 provenances of Acacia nilotica  were 
significantly different in seed length and width. 
 
 The significant differences of half-sib families within locations for seed size 
(seed length and seed width) agree with the findings of (Zobel and Talbert, 
1984) who reported that individual trees vary considerably in habit, crown 
shape, bark colour and seed size and gum production of Acacia senegal. 
 
The large variation between Karkoj and Houri may be due to differences in the 
annual rainfall (600mm in Karkoj and 544mm in Houri) also, they are 
discontinued separated provenances. 
  
The strong positive correlation between seed weight with seed length observed 
in this study  (figure, 3) and with seed width (figure, 4) agrees with (Scott 
Johns, 1988) on Juniperus excelsa . 
5.2 Germination: 
The result of this study showed highly significant differences between 
locations where Khor Donia had obtained the highest germination percentage 
throughout the period of germinations (Table, 7).  However, the differences 
between the half-sib families were mostly significant during the first 12 days. 
The differences between locations agree with earlier finding of other species 
(Oteybeye, 1983; Nelson and Tauer, 1987; Ladipo, 1989) . 
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 Also they agree with Bebawi and Mohamed (1982) who reported significant 
differences on germination and on root and shoot yield of six Acacias.  
 
 The higher germination percentage obtained by Khor Donia may be due to the 
higher values of seed characteristics and the high rainfall in the original site of 
Khor Donia. The site has high rainfall rate (Table, 1). The significant 
differences on germination percentage between the half-sib families of 
Rawashda and Bout only deserve further studies. 
5.3 Growth parameters: 
 In this study of A.senegal var. senegal variation between half-sib families and 
locations was found in shoot height. The provenance and family variation in  
the nursery for seedling parameters is essentially genetic in origin (Sniezko et 
al.,1989).  Also, this present study has shown significant differences only in 
half-sib families within Qala en Nahel in shoot fresh weight, root fresh weight, 
root oven dry weight (Table, 8K) and within Abu Jebeha in shoots oven dry 
weight (Table, 9L). Also, no differences were detected in the growth 
parameters between the locations (Table, 10 A to 10 C). This might be due to 
the species natural habitat as it is usually found on harsh or marginal 
conditions. 
5.3.1 between locations:  
The present results did not reveal significant differences within and between 
locations of A.senegal seedlings for some growth parameters, despite the wide 
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range distribution of this species, with different rainfall and environmental 
conditions. This finding disagree with (Rehfeldt et al., 1984; Dogra, 1986)    
who reported that, genetic and environmental variation encountered within a 
species distribution range are significantly correlated.  
 
Also, the present results disagree with (Dogra, 1986) who reported that 
variation within species is associated with geographical regions and climates 
to which it is provenance genotype s are adapted also, he says that, The 
amount of environmental diversity within natural range and the extent of range 
discontinuity also influence geographical variation.  
 
Also, the present results for some growth parameters disagree with the finding 
for other species as Salazar (1988,1989) who reported significant differences 
in seedlings parameters for Acacia mangium. 
 
Also, it has been observed that, in common water stress environment, plants 
originating from seed collected from more arid portions of a species range or 
from xeric habitats have slower rates of shoot growth than those from wetter 
areas or more mesic habitats.  This trend has been reported for many 
Eucalyptus species, for example, E. viminalis (Ladiges, 1975),E.globulus 
(Wang et al.,1988),E.camaldulensis (Moreshet,1981;Gibson et al .1995) and 
E.microtheca (Tuomela et al .,1993).Presumably, slower shoot growth and 
smaller leaf surface area exposed to the atmosphere reduce the danger of lethal 
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desiccation by extreme atmospheric and soil drought. Therefore, a slow rate of 
shoot growth according to A. senegal var.senegal leaf form and nature is a 
common evolutionary response of plants to habitats where environmental 
stress is frequent. 
 
The present results disagree with all the above statements about the effect of 
water a viability to growth of the plant, from the present results, there was no 
obvious significant differences within and between locations of A.senegal var. 
senegal seedlings for some growth parameters and also, there were no 
differences of A.senegal var. senegal seedlings within the different irrigation 
regimes. This may be due to initial seed, which were used to establish this 
forest; it may be mixer or was not matching the plant site conditions, in 
addition, the locations were not different significantly in soil.  
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Chapter VI 
CONCLUSSION 
 
This study attempted to investigate Acacia senegal var.senegal  individual tree 
variation and between geographical locations in seed characteristics, 
germination percentage and early seedlings growth.  Twelve locations were 
chosen through out the gum belt from the clay origin that differs in rainfall, 
environmental conditions. Variations in seed characteristics were studied 
among and within geographical locations.  The parameters were seed length 
seed width and seed weight. Significant differences were obtained in seed 
length, width and weight among and between half –sib families within the 
locations. Geographical locations were significantly different in germination 
percentage and they were not significantly different in some growth 
parameters. 
Some conclusion can be drawn from this study as follows: - 
1- The results from this study have pointed to a large amount of genetic 
variability among and within A.senegal var.sengal populations in seed 
characteristics and germination percent.  
2- From the data analysis and cluster analysis of seed characteristics geographical 
location of Houri have lower seed characteristics values. 
3-The germination count of A. senegal var.senegal extended until it reached 
54 days after seed sowing.  
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4- The geographical locations and family variation in the nursery for growth 
traits is basically genetic in origins where as the variation in seed 
characteristics which were from natural stands could be either genetic or 
environmental causes or a combination of both causes. 
5- Germination differences between individual trees within locations were 
very important characters, which enable and grantee for the establishment of 
A.senegal var.senegal  in varying environmental conditions.   
6- The correlation between seed length and seed width with seed weight 
enable to recommend that the seed weight can be used as selection criteria.      
7- Germination percentage deserves consideration while selecting for potential 
seed sources, which exhibits inherent variability and scope for improvement.  
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